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The Pegasus Bay rig fishery is a small but complex set net fishery. 
It is one of the four main fisheries exploiting the South Island east coast 
rig stock. The goal of this study is to determine how the fishery could 
be managed for optimum yield. 
The fishery is shown to be in a very serious biologi~al state. 
abundance is declining rapidly as a result of severe overfishing. 
Rig 
At 
present, the trawl by-catch alone exceeds the estimated sustainable yield. 
It seems likely, however, that other species in the area can be exploited 
by set net fishermen without being overfished. The fish~ry is also in a 
serious economic condition. Economic and financial r~turns from the fishery 
are both very low. Further set net fish;ng on the scale presently 
practiced can be expected to generate significant economic losses in the near 
future. 
Five key elements of the optimum yield are recognised for this fishery: 
, 
biological sustainability, economic efficiency, the provision of reasonable 
incomes for fishermen, the complexity of management regulations, and the 
cost of managing the fishery; It is concluded that two steps are necessary 
to attain the optimum yield. The first is a reduction in the number of 
vessels in the fishery. The second is a redistribution of fishing effort 
off rig and on to other species. Various management measures for achieving 
these two requirements are outlined. 
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1.0 INTRODUCTION 
1.1 THE NEW ZEALAND INSHORE FISHING INDUSTRY 
Fishing is deeply embedded in New Zealand's history, both as a way 
of life ·and as a means of earning a living. It figured strongly in Maori 
culture long before the arrival of Europeans, and lives on today as an 
importa~t part of the New Ze~land lifestyle and economy. The inshore 
industry is presently in a very serious state, however. Many fish stocks 
are under intense pressure and a large number of fishermen are in 
considerable financial difficulty. These problem~ have either arisen or 
been aggravated by very rapid growth in the size of the domestic fleet in 
recent years, particularly since the mid 1970s. 
The mid and late seventies were an unprecedented era of expansion 
and growth in the New Zealand fishing industry (see Figure 1.1). Amidst 
great excitement and enthusiasm about the imminent declaration of a 200-mile 
Exclusive Economic Zone (EEZ), the industry was encouraged to 11think big" by 
the Minister of Fisheries, Mr MacIntyre. This it certainly did. Many new 
and large vessels were imported, particularly after 1977 when the government 
relaxed import restric~ions. 
While the general desire to _expand and exploit the offshore resources 
was admirable, it was too early to be encouraging inv~stment in this sector, 
as too little was known about the resources and their markets (Jarman, 1983). 
The result was that expansion occur!ed, but not in the anticipated areas. 
As Jarman (1983) notes,~ 
''We did not deveZop a deepu,ater aatahing capaaity at this time, but 
inareased effort in the inshore fisheries, because we acquired 
vessels which were large only when compared with small coastal 
vessels, but which were themseZves too small to tap the waters 
further out." 
Since the new vessels had considerable catching power, effort rose 
dramatically in the inshore fisheries. This occurred at a time when many 
of the fisheries were already being overfished. Thus a number of the 
coastal fisheries came under intense fishing pressure during this time. 



















1940 1945 1<;;l50 1955 1960 1965 1970 1975 1980 
Year 
Figure 1.1 Total domestic wetfish landings, 1941-1982 (Source: Ritchie 
et aZ.,1975; MAF, unpubl. data). 
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passed the Fisheries Amendment Act in 1977. This act provided for the 
declaration of controlled fisheries. Although it was employed to curb 
effort in the rock lobster fishery and in several important shellfish 
fisheries> it was only once used for a wetfish fishery. For.the vast 
majority of fisheries, therefore, effort was unabated and it continued to 
increase. 
The consequences of this pressure were severe. In some fisheries, 
the pressure was so great that the stocks collapsed. In many others, it 
reduced species to very low levels of abundance. As catches fell and costs 
continued to increase, many fishermen began to experience financial 
difficulties. Overall, the fishing industry entered a serious economic 
recession. 
With the situation still deteriorating and reaching crisis proportions 
in many areas, the government announced a national moratorium on the issue 
of any further·fishing permits on 18 Mar~h 1982. The moratorium applies to 
all domestic vessels harvesting species other than tuna outside Area G of 
the EEZ, squid and seaweed (Anon, 1982b). The yurpose of the moratorium 
was to prevent any further increases in fishing effort, while suitable 
management was implemented to r-educe pressure on the fish stocks. This 
management has not yet been fully implemented and so the moratorium is still 
in place at present. 
The most significant ma~agement-related events which have occurred 
since the moratorium was introduced are: first, the release of a discussion 
document on future policy for the inshore fisheries; second, the passing of 
a new Fisheries Act; third, the.exclusion from the industry of individuals 
who do not meet the definition of a commercial fisherman 1 ; and fourth, the 
cancellation of fishing pennits which have not been used in the last two 
years. 
Since large effort reductions are required in most regions, it became 
clear that there was a need for a national policy ort both effort reduction 
and long-tenn stabilisation of the industry. As a first step in developing 
this policy, the Ministry of Agriculture and Fisheries (MAF) and the New 
Zealand Fishing Industry Board (NZFIB) prepared a paper for the National 
1 The term "commercial fisherman11 is formally defined in the Fisheries Act 
(1983). To meet this definition, fishennen must satisfy certain criteria 
which have been laid down by the Director-General. 
Fi~heries Management Advisory Committee (NAFMAC) on the state of the 
resource and industry, and possible policy options for alleviating the 
present problems. This paper contained no proposals or recommendations 
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as it was only written to promote public discussion. It was releas~d in 
August 1983 and was immediately followed up by public meetings throughout 
the country. 
The paper produced for the committee provides a very graphic 
description of the seriousness of the present situation. The main 
conclusion to emerge from the assessment of the state of the industry, is 
that there must be large catch and effort reductions in many fisheries to 
ensure the long-term biological and economic well-being of the industry. 
It is estimated in the report that the capital invested in the full-time 
domestic fleet of less than 30 m in length, must be re~uced by approximately 
$28 million. This represents about 20% of the total capital currently 
invested in this part of the fleet. On the east coast of the North Island, 
the area where most excess fishing effort exists, the required reduction is 
equal to approximately 44% of the existing investment in these vessels. 
'The magnitude of the required catch reductions is even more alarming. 
It is estimated that present catches of many prime species must be cut 
dramatically to enable stocks to recover; 65% for rig (MusteZus ZentiauZatus), 
63% for trevally (Cal'anx georgianus), 44% for snapper (Chrysophrys auratus) 
and tarakihi (Nema.daatyZus maaropterus), and 32% for gropers (mainly PoZyprion 
oxygeneios). Even after a recovery period, catches of many species must be 
far less than current harvests, e.g., 63% for rig. These national estimates 
disguise the severity of many of the regional problems, however. The 
required reduction for rig on the Canterbury coast, for instance, is 75%,,and 
in the ~ay of Plenty snapper, trevally, gropers and rig catches must be 
reduced by 77%, 66%, 66% and 60% respectively in the short-term. What is 
even more disturbing is that these reductions must be made quickly. The 
report states that, 
"Failure to take aation wiZZ not onZy resuZt in a bioZogicaZ and 
aoTTUT1eraiaZ fishing disaster in the very near future, but it ~iZZ 
. . 
also ensure the aonsequentiaZ eaonomia ao"lZapse of a Zal'ge part of . 
the inshore fishing industry." 
The second major management-related event occurred on 1 October 1983 
when the long~awaited new Fisheries Act became effective. This is a 
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consolidating act and supersedes all previous fisheries .legislation. 
Most of the provisions of previous acts still ·stand under the new act, 
but some significant changes have been introduced. One of the major 
changes has been to shift management control from a central to a regional 
basis. This has been done, 
"··· to develop management systems l.t)hich are dynamic and [which] 
can be quickly brought into effect., changed and mo4ified ••.. "· 
(Cunningham, 1983) 
Thus, most fisheries will now be managed on a regional basis, using 
either the controlled fisheries or fisheries management plan provisions. 
Some fisheries may still be mana~ed on a national basis'. as there may be 
instances where this will be more appropriate. The great majority of 
fisheries will probab~y be managed under a fishery management plan, however. 
The process by which such a plan is developed and the factors which must 
be taken into account when preparing it are laid out in the act. 
When the act became effective, it automatically cancelled all vessel 
registrations, licences and pennits. To be entitled to re-register a 
vessel and obtain the appropriate fishing permit or licence, a fisherman 
had to meet the definition of a commercial fisherman. Those who did not 
satisfy the Director-Ge~eral's criteria have been excluded from all 
commercial fishing activities. Thus, the first step in the effort reduction 
process has now been implemented. Another step, the cancellation of all 
permits which have not been used in the last two years, has also been 
implemented recently. Further steps will follow in the near future. 
Although the present situation is serious, the NZFIB is optimistic 
about future development prospects in the coastal sector. 
that, 
It believes 
"··· there are opportunities for inshore fishermen to exploit 
currently under-utiUsed inshore species ...• " 
(Anon, 1982a) 
and that, 
''Rational deveZopment of presently under-utilised resources must 
continue and be further encouraged." 
(Anon, 1982a) 
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Most future development is, however, likely to be of a fundamentally 
different nature as it will almost certainly be achieved through 
redeployment of existing fishing effort, ra~her than through the 
introduction of new vessels. This will help to reduce pressure on the 
stressed fisheries and at the same time help fishennen to protect their 
stake in the industry. 
1.2 THE DEVELOPMENT OF RIG (MusteZus ZenticuZatus) FISHERIES 
Target rig fisheries are a very recent development in the fishing 
industry. Although it was well known for many years that rig are 
seasonally abundant around a large part of the coastline, the species was 
only lightly exploited in most areas until the early 1970s (Mace, 1981). 
There are several reasons for this, but one of the most important stems 
from New Zealanders' long-s~anding prejudice against shark flesh. While 
th~ Maori and several overseas nations value many cartilaginous fish highly, 
New Zealand Europeans have traditionally held them in very low esteem 
(Hector, 1872; Phillipps, 1949; Holden, 1974). 
For a long time, therefore, rig was labelled as a "dogfish" or "shark" 
with the result that it met strong constm1er resistance. Despite such 
resistance, it was sometimes sold in appreciable quantities, both in the 
fast-food trade and in the retai.l trade. In the retail trade, it was (and 
still is) usually disguised under various trade names such as "lemonfish", 
"flake" or "silver strip" (Parroti, 1958). As well as being a source of 
food, it also yielded valuable by-products such as leather from the skin 
and oil from the liver, and for a while the fins were sold to the Chinese 
for making soup (Parrott,1958). Nevertheless, the demand was limited and 
with the catch being of low value compared to the more preferred species 
(Graham, 1956), there was probably little incentive for fishermen to 
actively pursue the species prior to the '1970s. It remained a by-catch, 
therefore, principally from trawling, but also to a lesser extent from 
set netting (Watkinson and Smith, 1972;· Francis and Mace, 1980; Mace, 1981). 
During the early seventies, this pattern changed rapidly as a ntm1ber 
of factors suddenly stimulated the development of rig fisheries. Of prime 
importance was the declining profitability of many otter fis.heries. 
' . . 
Francis (1979) notes that the Kaikoura fishery developed from reduced 
catches of butterfish (Odax puZZus), and in Pegasus Bay, it developed from 
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the reduced abundance of elephant fish (Callorhynchus milii) (A. Coakley, 
pers. comm.). These declines, coupled with an increased demand for the 
species (particularly in the fast-food trade), resulted in much higher 
prices being paid for rig. Thus, there was a double incentiye for 
fishermen to now target fish for the spe·cies in many areas. 
Technological factors were also an important stimulus to the 
development of these fisheries. At about the same time as the abov~ changes 
were occurring, there were several advances in set net.technology which made 
this method of fishing much more ~ttractive to fishermen. With the 
introduction of monofilament nylon mesh, set nets became much more efficient 
in terms of their ability to catch fish than they had been when cotton mesh 
was in use. The introduction of mechanical net hauling equipment was also 
significant as it enabled fishermen to work more net. With this equipment, 
fishermen could also fish in deeper water than had been possible with hand-
hauled nets. 
All of these advances greatly increased the catching power of set nets 
and, as a result, set net fishing became much more profitable. This made it 
much more attractive to fishermen and, consequently, the set net fleet 
underwent considerable expansion (Mace, 1981). Although many vessels 
switched to netting from trawling (especially in the Canterbury Bight) or 
dredging (especially in Tasman Bay-Golden Bay), there were also a lot of 
small, high-speed boats built specifically for set netting (Mace, 1981). 
Since rig was not a relatively high-value species, a large number of these 
new and converted vessels began fishing for rig. Technological and 
economic incentives were, therefore, a very powerful stimulus to the 
development of rig fisheries and they may largely explain the reason for 
such rapid development. 
Once rig became target fished by set net fishermen, set netting began 
to displa\e trawling as the dominant method of capture for this species (see 
Figure 1.3). In 1971, only 20% of all rig were taken by set net, while 75% 
were taken by trawl (MAF, unpubl. data). In 1978, however, 63% of the total 
New ·Zealand rig catch was taken by set net, with trawl only providing 34% of 
the catch (MAF, unpubl. data). Set netting has since displaced trawling even 
further as the dominant method of rig capture (see Figure 1.3). 
The increased landings that resulted from this development very 
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Figure 1.3 Percentage of New Zealand pioke landings taken by set net, 
1970-1982 (Source:· MAF, unpubl. data). 
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the national pioke1 catch rose from 930 to 3299 tonnes (t) and its 
contribution to the natio~al wetfish landings increased fro~ 2.3% to 4.5% 
(Ritchie et al., 1975; MAF, unpubl. data). Although catches have fallen 
since 1978, it still remains an important specie~. In 1982, the total New 
Zealand rig catch was 3183t,making it the tenth most important species by 
weight for the New Zealand domestic fleet. Data are not available on the 
value of the 1982 catch, but in 1981 when rig was the ninth most important 
species by weight, the species was the sixth most important by value for 
the domJstic fleet. 
1.3 EXPLOITATION OF ELASMOBRANCHS . 
1.3.1 Characteristics of Elasmobranchs 
Contemporary jawed fishes can be organised into two separate evolutionary 
lines. One line, the class Chorui:t>iahthyes, contains species with a 
cartilaginous skeleton, while the other; the class Osteiahthyes, has species 
with at least a partly ossified internal skeleton (Villee et aZ., 1973). 
These two groups have been evolving separately for about 400 million years and 
they have some important biological differences. The two differences which 
nave the greatest significance for management ·are differences in the growth 
and reproductive characteristics of each ¥roup. Since very little work has 
been done on the holocephalans 2 , howev~r, the discussion of these 
characteristics will be confined to elasmobranchs 2 • 
Elasmobranchs aprear to have only low to moderate growth rates. 
Holden (1974) assumed that all sharks have low growth rates, but this 
assumption is incorrect. A number of smaller sharks have von Bertalanffy 
growth constants in the range 0.3-0.48 (Francis, 1981). These constants are 
considerably larger than those for.the shark species in~estigated by Holden 
(e.g., the school shark, Galeorhinus australis, and the spiny dogfish, SquaZus 
aca.nthias) and they indicate that some of the smaller sharks at least have 
moderate growth rates (M. Francis, pers. comm.). Thus, while not all 
elasmobranchs grow slowly, most probably only have low to moderate growth 
rates. This contrasts with teleost 3 species, which generally have moderate 
to fast growth rates. 
1 "Pioke" is a collective term referring to rig and two dogfish species, 
Squalus aaanthias and S. blainviZlei. Most of the catch recorded as pioke 
wpuld be rig, however (Watkinson & Smith, 1972; M. Francis, pers. comm.). 
2 Contemporary cartilaginous species are classified into two subclasses: 
Holocephali and Elasmobranchii. The subclass Elasmobranchii contains all 
sharks, skates and rays. Sharks, skates and rays comprise the vast majority 
of all living cartilaginous fish. 
3 The super-order Teleostei contains the majority of ali familiar'·and 
commercially important bony fish (class Osteichthyes). ~ 
.J 
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The second important characteristic of this group is their low 
fecundity. Fecundity is a function of both the number of offspring that 
are liberated at each spawning and the frequency of spaw~ing. 
Most sharks are either viviparous 1 or ovoviparous 1 breeders, but a 
few are oviparous 1 • Skates and rays are oviparous breeders (Villee et aZ., 
1973). The method of reproduction in oviparous elasmobranchs differs from 
that in the oviparous te1eosts2 ,however. The eggs produced by oviparous 
t 
elasmobranchs are heavily laden with yolk and they are released into a 
protective capsule in which the young develop before being born (Villee 
et aZ., 1973). In contrast, teleost eggs are small, and they are released 
directly into the water. Elasmobranchs are characterised, therefore, by 
the elimination of a free larval phase. The young are born live, as 
well-developed replicas of the adults. 
Since a large amount of energy goes into producing each offspring 
in all elasmobranchs, only a few young may be produced in any one 
reproductive cycle. This contrasts with teleost species which frequently 
produce many thousands of eggs in each reproductive cycie. In viviparous 
and ~voviparous elasmobranchs, the number of offspring may be further 
constrained by the size of the maternal body cavity. 
Many elasmobranch species do not matur~ until a moderate or late 
age. This compounds the problems of only a few young being produced 
during each reproductive cycle, and inhibits the reproductive capacity of . 
these species even further. However, elasrnobranch populations are assumed 
to be relatively stable (in the absence of fishing pressure) and so the low 
fecundity and low to moderate growth rates must be naturally balanced by 
other factors. Two of these factors might be low natural mortality rates 
and long reproductive lives of adults. 
1.3.2 Implications of These Characteristics 
The combination of these characteristics makes the task of managing 
elasrnobranch populations very difficult. It makes elasrnobranchs inherently 
1 In viviparous species, the young·derive nourishment from their mother 
during in utePo development. In ovoviparous species, development is also 
internal, but embryos are not nourished by the mother. It is frequently 
difficult to distinguish between these two forms of embryonic development 
however, as there are varying degrees of dependence on the mother. In 
oviparous species, eggs are extruded from the body and development is 
external. 
2 The great majority of all teleosts are oviparo~s breeders. 
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susceptible to overfishing and it also renders them incapable of sustaining 
heavy fishing pressure. The typical response to heavy pressure is a rapid 
decline in abundance. Holden (1974) states that, 
"The history of the few shark fisheries for which records are 
available, suggests that ••• initial exploitation is followed by, 
at best, a rapid decline in catch rates or, at worst, a complete 
collapse of the fishery." 
The very same characteristi~s which make elasmobranchs vulnerable to 
overfishing also make them slow to recover when fishing pressure is 
relieved. 
In a virgin fish population, a large proportio~ of the fish are old 
and either slow-growing or not growing at all. Juvenile mortality is also 
high. When fishing occurs, both the biomass anq average age of fish are 
reduced. If the food supply remains constant, then fishing will increase 
annual production in the population: first, because there will be more 
food for each fish, and second, because younger fish use a greater proportion 
of tneir food for growth than do older fish (Idyll, 1952). If fishing 
intensity is too great, however, then the quantity of fish removed from the 
population will exceed that which can be added through growth and 
recruitment (Francis, 1983b). Too many fish will be caught too early in 
their lives and maximum harvest potentials will not be realised (R. Francis, 
1979). This type of overfishing is known as growth overfishing. 
Since elasmobranchs have only low to moderate growth rates and low 
·fecundity, the rate of production in elasmobranch populations is low. 
This means that maximum harvest potentials are also comparatively low, 
even when the standing stock is high. The corollary to this is that the 
standing stock needs to be maintained at a high level if the stock is to 
produce even low sustainable yields. Thus, it is easy to exceed the 
maximum harvest potential and fish the standing stock down and, hence, the 
reason why elasmobranchs are so susceptible to growth overfishing. 
Elasmobranchs are also very susceptible to a second type of over-
fishing: recruitment overfishing. This type of overfishing occurs when 
pressure is so great that it reduces the number of recruits entering a 
fishery. When exploitation reaches this level, the productivity of the 
stock becomes· seriously affected: first, because there are fewer adult 
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fish to contribute to the population's growth increment, and second, 
because the population's reproductive capacity is reduced. The outcome 
of continued recruitment overfishing is a fishery collapse of one form or 
another (R. Francis, 197 9) • 
The susceptibility of elasmobranchs to recruitment overfishing stems 
from two factors: the nature of their stock-recruitment relationship, and 
the nature of their size-fecwidity relationship. 
I 
Since elasmobranchs are born at a large size, physical environmental 
factors probably have little effe9t on juvenile survival and recruitment 
(Holden, 1973). It is probable, therefore, that their low fecundity 
results in recruitment being more closely related to the size of the 
breeding stock than to environmental factors. Thus,. elasmobranchs are 
thought to have a direct stock-recruitment relationship (Holden, 1973, 1974; . 
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Figure 1.4 Stock-recruitment relationships of low,·moderate, and. 
high fecundity species. (After Royce, 1975) 
The implication of a direct stock-recruitment relationship is that 
recruitment will be affected if the number of mature females in a·stock is 
reduced far below natural population levels (Holden, 1973, 1974). Thus, 
recruitment overfishing will occur at much lower levels of exploitation for 
elasmobranchs than it will for teleosts as teleosts do not have a direct 
stock-recruitment relationship (Ricker, 1954). For teleost species, the 
abundance of females must be greatly reduced before recruitment will be 
affected. It can be seen from the figure that with teleost species a 
reduced stock may actually improve recruitment and recruitment may still 
be high at low population levels. 
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Fecundity appears to increase with female size in all elasmobranch 
species which have been studied so far (Holden, 1974; Francis, 1979). 
Since fishing reduces the average size of fish in a population, the mean 
ntunber 6f young per female will also decline as fishing pressure increases 
(Francis, 1983b). 
Thus, fishing reduces both the number of mature females in a stock 
and the mean number of young per female. Because elasmobranchs have a low 
fecundity, and probably also have a direct stock-rec~itment relationship, 
the combined effect of these two factors can very rapidly lead to . 
recruitment failure in elasmobranch fisheries • 
The other reason why elasmobranchs are not resilient to fishing 
pressure is because they may not have a very great density-dependent 
production respo~se. Since their growth rates are only low to moderate, 
the potential for growth-induced production compensation is probably not 
great. The fecundity-induced compensation response is probably also very 
limited because of the high energy demand of each offspring (Holden, 1977). 
Furthermore, the size of the maternal body cavity may impose a restriction 
on the extent of any response ~or viviparous and ovoviparous species. It 
should be noted that an increase in fecundity may not result in a 
proportional increase in abundance, as the fecundity increase may result 
in a smaller birth size of the offspring (Holden, 1977). This could 
increase the risk of predation. Even these modest responses will only be 
achieved, however, if pressure is applied slowly, as the stock needs time 
to respond to changes in abundance (Holden, 1977). 
It may be concluded, therefore, that the biological characteristics 
of elasmobranchs are of profound importance for management •. They dictate 
that fishing effort must be applied slowly and cautiously, and, furthermore, 
that the stock (particularly the fcmal~ portion of the stock) must be given 
considerable protection from heavy exploitation. Given the speed with 
which modern fishing fleets can expand, this inevitably makes the task of 
managing elasmobranch stocks very difficult. 
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1.4 STUDY OUTLINE 
During the planning stages of this study, it became evident that the 
Pegasus Bay rig fishery would probably be managed under a fishery management 
plan. Although the concept of managing fisheries through regional plans 
had not been legally approved at that stage, the approval seemed imminent.in 
the new act. The approval was given in the new act· and interim management 
plans are due to be completed by July 1984. Longer-term plans are due for 
completion in about three years. Thus, the study has been oriented 
towards considering how the fishery could be managed under a fishery 
management plan. The management measures contained in the study are 
suggested short-term measures for the interim plan. No attempt is made to 
determine appropriate long-term measures for reasons which are outlined 
later. 
One of the important features of fisher.ies is that they are very 
complex and dynamic systems •. Since the components of a fishery system 
are of a diverse nature, so too is the information that is required to 
understand the fishery. The application of multidisciplinary skills and 
attitudes and the integration of diverse types of information are all key 
requirements of a rational fisheries management framework, therefore. It 
is only by obtaining and integra~ing information.on the many different 
aspects of a fishery that it is possible to understand the fishery's 
problems and to anticipate the likely consequences of management. The 
approach used in this study, therefore, is to examinu as many aspects of 
the Pegasus Bay rig fishery as possible to try to understand the problems 
in the fishery. This information is then used to determine appropriate 
management measures for the fishery. The goal of the study is to 
determine how the Pegasus Bay rig fishery could be managed for optimum 
yield. 
The investigation begins in chapter 2 with a description of three 
aspects of the fishery: the area, the biology of rig, and the commercial 
enterprise. The description of the commercial enterprise contains 
infonnation on the importance and the history of the fishery. It concludes 
with a description of the fishery as it existed in the 1982-83 season. 
Chapters 3, 4 and 5 examine biological and economic aspects of the 
fishery to obtain a picture of its present state. An analysis of 
commercial catch and effort data is presented in chapter 3. The biological 
states of other rig fisheries which exploit the same rig stock are also 
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briefly discussed in the discussion section of this chapter to aid 
interpretation of the results. Chapter 4 contains the results of a 
biological investigation which was carried out over the 1982-83 season. 
The length, sex and maturity compositions of commercial rig catches are 
all described. Growth and reproductive characteristics of rig sampled 
from commercial catches are also discussed. Chapter 5 contains a 
description of the financial and ~conomic states of the fishery. 
Attention is given to comparing the profitability of the three groups of 
, 
operations identified in chapter 2. 
Chapter 6 completes the study with a discussion of management for 
the fishery. The concept of optimum yield is discussed at the beginning 
of the chapter. Some important elements of the optimum yield are also 
identified. Information from the previous chapters.is then synthesi~ed 
to provide an overall assessment of the state of the fishery and the 
implications of non-management. Finally, the study concludes with a 
personal opinion on the short-term optimum yield for the fishery. The 
optimum yield is described in terms of the size of the physical yields, 
the amount of fishing effort, allocation of the yields and management to 
attain the optimum yield. 
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2,0 THE PEGASUS BAY RIG FISHERY 
2.1 PEGASUS BAY 
2.1.1 Location 
Pegasus Bay is situated off the Canterbury coast immediately north 
of Banks Peninsula (see Figure .2.1). The northern and southern limits 
to the bay are at Motunau Island and East Head respectively (New Zealand· 
Pilot; 1946), with Motunau Island lying some 70 km north of East Head. 
The shoreline between these two points is topographically varied. 
Between Motunau Island and Double Corner (19 km west-south-west of 
Motunau), the coast is bordered by cliffs, with sandy and stony beaches 
being exposed at low tide (Dawson, 1954). From Double Corner to the 
South Brighton spit th~se beaches are replaced by a 42 km dune beach 
running along the front of the Canterbury plains. Two major rivers, 
the Waimakariri and Ashley rivers, and two minor rivers, the Kowhai and 
Waipara rivers, flow into Pegasus Bay along this beach.• The Avon-Heathcote 
estuary also opens out into the bay at the southern end of the beach. From 
here the coast runs along the northern side of Banks Peninsula out to East 
Head some 40 km east-south-east of the estuary. The coastline along this 
part of the bay is pitted with a number of harbours and inlets, the 
largest of which is Lyttelton Harbour. Unlike the rest of the shoreline 
around Pegasus Bay, much of this is composed of muddy beaches and rocky 
promontories. 
2.1.2 Bathymetry 
Most of Pegasus Bay has a very regular bathymetry (see Figure 2.1). 
Almost the entire seabed in the bay gently slopes from a depth of 
approximately 8-10 m one kilometre off shore, to approximately 100 mat 
the edge of the continental slope. 
The one intrusion on this simplicity occurs where the Pegasus 
Canyon cuts into the Pegasus Bay shelf on the very outer margin of the 
bay. This complex canyon originates in deep water at the southern end 
of the Hikurangi trench and runs south-west before terminating about 40 km 
north-east of East Head on Banks Peninsula (Knox, 1969). At the edge of 
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Pegasus Bay is hydrologically bounded to the east by the Southland 
current, one of three major offshore coastal currents of New Zealand's 
east coast. The current originates south-west of Stewart Island and 
flows north between Banks Peninsula and the Mernoo Bank before branching 
near Kaikoura (Burling, 1961 in Heath, 1975; Heath, 1972a). On its way 
north past the bay, it passes within approximately 30 km of the land 
(Dawsqn, 1954; Brodie, 1960). Dawson (1954) and Brodie (1960) both 
observed that drift cards released less than 30 km offshore were retained 
in Pegasus Bay, while cards released between 30 and 100 km offshore were 
carried well out of the bay to various localities along the South Island, 
lower North Island and.Chatham Islands. 
Within the confines of the bay, the water movements are much more 
variable, as they are strongly influenced by local wind conditions 
(Dawson, 1954). Since they vary in accordance with both the strength 
and direction of the winds, the currents tend to vary throughout the year. 
The dominant movements are, however, towards the shore, as inshore currents 
are created by .northerly-quarter winds and these are the most frequent 
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winds on the North Canterbury coast (Dawson, 1954; Brodie, 1960). 
Offshore currents may occur during the winter, if southerly winds have 
prevailed for a time (Dawson, 1954). When this occurs the wind-driven 
current combines with the Southland current waters to create a clockwise 
water movement leading out of the bay (Dawson, 1954). 
The temp~rature regime within the bay exhibits marked seasonal 
fluctuations, with maximum mean monthly temperatures occurring in January 
or February and minimtm1 mean monthly temperatures in August _(Garner, 
1961). In comparison to the 4. 5 - 5. 0°C temperature range in the open 
sea, the seasonal temperature range within Pegasus Bay is usually about 
8.5°C, although it may be as high as 12°C (Garner, 1961; Knox, 1969; 
Heath, 1975). The greater range results from the shallowness of the 
water and the effects of coastal sheltering (Garner1 1961; Heath, 1975). 
Garner (1961) also notes that, 
"• •• maximum development in depth of Ve'I'tical mixing in summe:t' 
and convective overturn in winter may be inhibited in shallow 
coastal wateI's. This often I'esuZts in high summer' maximum 
temperatures and Z.ooer values dU:t'ing the wintera minimum peI'iod 
rae Za:tive to oceania wate:t's ". 
Thus, although the annual range is high, it is not unduly so when 
compared to other semi-enclosed waters such as the Hauraki Gulf. 
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The salinity variation within Pegasus Bay may also be high, both 
spatially and temporally (Garner, 1961). In April 1952, salinities were 
found to be very high (i.e., 35.5o/oo) with little variation across the 
bay, while in December 1955 they were found to.be very low (Garner, 1953, 
1961). Salinities as low as 34.0°/40 were also recorded in November 1968 
and July and August 1969 (Heath, 1975). _The temporal variation probably 
arises from seasonal variation in river discharge and land drainage,and 
spatial variation may arise from entrainment of river discharge into 
specific areas (Garner, 1953, 1961). 
2.2 RIG (MusteZus Zenticulatus) 
2.2.1 Taxonomy and Common Names 
Rig are now taxonomically classified as MusteZus Zenticulatus 
(Phrllipps, 1932), although they have been called by a variety of other 
names such as EmissoZa antarctica, Galeus anta:r>eticus, Galeorhinus 
anta:r>cticus and MusteZus antarcticus in the past (Hector, 1872; Phillipps', 
1924; Graham, 1956; Parrott, 1958; Whitley, 1968; Ritchie et al., 1975). 
Until very recently, the latter of these terms was in most frequent use, 
even though the species was reclassified five decades ago. All 
contemporary literature cites the specific name as ZenticuZatus however, 
as it is now accepted that the sp~cies is distinct from M. antarcticus 
(Heemstra, 1973 in Francis, 1979). Past New Zealand references to 
M. anta:r>cticus are therefore assumed to apply to M. ZenticuZatus 
(Francis, 1979). 
There is probably no other species in New Zealand with more common 
names than rig. Smooth-hound, spotted smooth-hound, smooth dogfish, 
spotted estuary dogfish, gummy, spotted &l:1ffiIDY shark, pioke, .koinga and 
manga are just some of the names that this species has been known by at 
one time or another (Phillipps, 1924, 1947; Graham, 1956; Parrott, 1958; 
Heath and Moreland, 1967; Whitley, 1968; Anon, 1979). Various trade 
names such as lemonfish, silver strip and flake have also been adopted to 
overcome the marketing p~oblems mentioned previously (Sorenson, 1970). 
This proliferation of names has caused a great many problems for the MAF 
staff who analyse commercial catch return forms. 
To overcome these problems, the Ministry developed a list of 
standard common names for commercial fish species in 1979. This list 
gave the common name of M. ZentiauZatus as "rig" (Anon, 1979) and thus 
it has been referred to as such in this study. 
2.2.2 Biology 
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Sharks of the genus MusteZus are found throughout the temperate 
waters of the world (Francis and Mace, 1980). They are typically small 
(less than 2 m), harmless sharks with a very tasty flesh. 
The New Zealand species, M. ZentiauZatus, is a greyish brown colour 
along the dorsal surface, fading to dirty white below the lateral line. It 
has numerous circular white spots on the upper half .of its body and, unlike 
our two common dogfish species, lacks spines on its two large dorsal fins 
(Phillipps, 1949; Graham, 1956; Heath, 1963; Moreland, 1963; Heath and 
Moreland, 1968). The head is flattened· slightly and its small pavement-like 
teeth make it readily distinguishable from other school sharks (Parrott, 
1958). It feeds mainly on crustaceans, echiurans, molluscs and worms, but 
may also eat lesser quantities _of priapulids and small fish (Graham, 1956; 
King and Clark, in prep.). The wide range and variable size of prey species 
indicate that rig feed opportunistically (King and Clark, in prep.).· 
Rig are one of several ovoviparous breeders i~ the genus MusteZus. 
Fertilisation is internal and the embryos develop within two uteri 
(Francis and Mace, 1980). These embryos are nourished by the yolk sac 
and probably by absorption of organic material and water from the uterine 
fluid as in other MusteZus species (Ranzi, 1934 in Francis and Mace, 1980). 
Each embryo develops within a separate uterine membrane and after an 
approximate 11 month gestation period, the young are born during the 
spring and summer months at a ·total length of 30-32 cm (Parker, 1883a; 
Parker and.Liversidge, 1890; Graham, 1956; Francis, 1979; Francis and 
Mace, 1980). After the birth of a litter, copulation and ovulation of a 
new set of eggs follow quickly, this being made possible by-the fact that 
eggs are actually growing in the ovary while the embryos are still 
developing in the uteri (Graham, 1956; Francis and Mace, 1980). 
Rig are found around the entire coast of New Zealand, but they are 
now most abundant between 39°S and 46°S (Mace, 1981). Their abundance 
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shows marked seasonal fluctuations however, as the species is migratory. 
Their migratory pattern is very similar to that of many other shark 
species as described by Springer (1967). In the spring there is a rapid 
increase in rig numbers on the continental shelf as the fish b~gin 
migrating into shallower water to give birth to their young and mate again 
(Mace, 1979; Francis and Mace, 1980). Sexual segregation appears to be a 
feature of these migrations as there are notable changes in the abundance 
of males and females,in local areas during this period (Francis and Mace, 
1980; 'Mace, 1981). After mating they usually move further inshore and 
remain there for some time before returning to deeper water in the autumn. 
Graham (1956) notes that rig were caught on groper lines on the 
continental slope in 160 m or more during the winter, but their range also 
extends beyond the continental slope, as they have been reported from 
depths of up to 500 m (Francis and Mace, 1980). 
The migratory behaviour of rig is still poorly understood. Detailed 
studies in the Tasman Bay - Golden Bay region showed that birth occurs 
outside the bay during October and November with mating probably following 
soon after in the deeper waters of the Bay (Francis and Mace, 1980; Mace, 
1981). Mace (1981) suggested that the subsequent inshore movements may 
represent feeding migrations. A recent study by King (in prep.) has shown 
that this is not a satisfactory explanation,however. Females did not feed 
any more intensively on these grounds than in any other areas of the bay 
and they actually lost condition rapidly in these shallow waters. Thus 
at present, the reasons for further inshore migration after birth and 
mating are obscure. 
Recent tagging work has shown that rig also migrate along the 
coast (Mace, 1979; Francis, 1983a). In some instances this migration 
is considerable. Of the 131 tagged fish recaptured to date, 29 (22.1%) 
had moved more than 100 nautical miles (run) from the tagging site, and one 
fish had moved 372 run (Francis, 1983a). 
2.2.3 Recent Research 
Although the early literature presents a reasonable body of 
general information describing the feeding habits, reproductive behaviour 
and migratory patterns of this species, .there was very little information 
of a spec~f~c nature available until recently. With the exception of 
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Graham's work (1956), past references are based on observation rather 
than detailed analysis and are,therefore,prone to generalisation. Such 
generalisations are of very limited use for managing the species. 
It was not until 1979 that a detailed study was undertaken to 
establish a biologicaf basis for managing the species. This study 
(Francis, 1979) examined $UCh things as size at maturity, embryonic 
growth rates and fecundity for the Kaikoura rig fishery. These parameters 
have now been studied in other rig fisheries as well (FTancis and Mace, 
1980). King and Clark (in prep.) have recently completed a more detailed 
study of the feeding habits of rig an~ the changes in female condition 
which are associated with inshore migration, At present, there are tagging 
experiments under way to determine exploitation rates of the species. 
This work has also provided information on stock boundaries and migratory 
routes. 
The main aims of current research are to: estimate fishing mortality 
rates and stock size; estimate growth rates and t~erefore age at maturity 
~d age-specific fecundity; examine catch rate trends, and to examine 
catch composition by size and sex (M. Francis, pers. colIDil.). 
2.3 THE COMMERCIAL ENfERPRISE 
2.3.1 Introduction 
The Pegasus Bay rig fishery is one of the major rig fisheries in 
New Zealand. In its peak year (1977), it was the most important rig 
fishery of all, yielding 10% of the total rjg catch (MAF, unpubl. data). 
Landings have declined since 1977, but it continues to make an_important 
contribution to the national rig catch. In 1982 it yielded 6.4% of the 
total,New Zealand rig landings (MAF, unpubl. data). 
. 
It is also an important fishery for the region. Ri_g do not 
constitute a large part of the Lyttelton landings, but they accounted for 
16% of the total value of the port's fish landings (non-wetfish included) 
in 1981 (MAF, unpubl. data). In the past, this figure has been as high 
as 28%. The species is theref9re, an important source of income for 
many of the local fishermen. It is particularly important to the set net 
fishermen; as many of these fishermen obtain the bulk of their summer income 
from rig • 
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The fishery is best described as a seasonal set net fishery. 
While the trawl contribution is significant. (see Figure 2.4), trawlermen 
do not actively pursue the species. They take rig as a by-catch. Set 
net fishermen, however, target fish for the species during the summer 
months when the fish are concentrated on the continental shelf. There 
is some variation between years, but most target fishing occurs between 
October and March, with peak catches usu~lly being taken in December 
(see Figure 2.2). 
2.3.2 History·of the Fishery 
Although rig have been taken in Pegasus Bay for many years, there 
was no significant rig fishery in the area until the mid 1970s. One 
or two set net fishermen did sometimes target fish for rig during the 
1960s, and trawlers may have occasionally target fished for rig if 
catches of other species were low, but it is unlikely that much target 
fishing for rig occurred before the early 1970s (A. Coakley, pers. comm.). 
Most rig was taken as a trawl by-catch as trawling was the dominant 
fishing method in the area. It was an important by-catch, however, 
particularly in the elephant fish fishery. Landings generally increased, 
therefore,(see Figure 2.3) along with the total Lyttelton wetfish catch. 
The only sustained drop in landings between 1960 and the early 1970s 
occurred between 1967 and 1969 when many Lyttelton vessels left the port 
to join the Chatham Island rock lobster boom. 
It is not certain when set net fishermen first began to target 
fish for rig during the 1970s, but it was-probably around 1973 or 1974 
as the fishery grew from the demise of the elephant fish fishery. This 
was also a stunmer fishery and fonnerly one of major importance along much 
of the Canterbury coast. It was primarily a trawl fishery, however, as 
relatively few fishermen were set netting in Pegasus Bay prior to the 
development of the rig fishery. Coakley (1971) notes that during the 
period 1960-69, there were never more than six set net fishermen 
operating in Pegasus Bay. The initial transition to rig fishing was 
made,therefore, by a small ntunber of fishermen. Ntunbers remained low 
for some time after the transition and the pattern of fishing changed 
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Figure 2.2 Monthly set net rig landings at Lyttelton, 1974-1982 •. Includes landings at all small ports around Pegasus 
Bay, e.g. Motunau, Sumner. Landings of set net vessels fishing less than 350 metres of net are not included. 
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Figure 2.3 Lyttelton pioke landings·, 1960-1982. Includes landings at all small ports around Pegasus Bay. 
(Source: Ritchie et aZ., 1975; MAF, unpubl. data). 1-...: 
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Although the set net rig catch was still low in the 1975-76 and 
1976-77 seasons, set netting was gathering considerable momentum. While 
the mean number of set net vessels fishing each month was the same in 
both seasons, the mean number of days fished ·each month by these vessels 
nearly doubled1 (see Figure 3.5). With good catches being made during 
the later months of the 1976-77 season, the fishery seemed poised for 
furthe~ expansion. 
'The magnitude of the changes which did occur was probably 
unexpected. Set net activity increased dramatically in the 1977-78 
season as many new vessels joined the fleet. The mean number of vessels 
set.netting for rig each month during this season was more than three 
times that of the previous season1 (see Figure 3.2). 
The most likely stimulants to the expansion·of the set net fleet 
at this time are: increased catches by the set net vessels in·the 1976-77 
season; a large increase in the price obtained for rig (see Figure 2.5); 
the introduction of monofilament nylon nets, and the introduction of 
mechanical net hauling equipment._ The latter may be of somewhat lesser 
importance, however, as many vessels that were fishing at this time did 
not have this equipment (C. Hill, W. Matthews, J. Waller, pers. comm.). 
Unfortunately, no seasonal year data are available for trawlers. 
It may be seen from Figure 2.4, however, that despite the sharp increase 
in set net rig landings in 1977, trawling was still the dominant method 
of rig capture. Recorded trawl rig landings also rose co~siderably in 
1977 and so it is possible that some trawlers may have spent time target 
fishing fo~ rig during 1977. It is unlikely that this has occurred to 
any significant extent since 1977. Trawl rig landings dropped greatly in 
1978 and so with a further increase in the set net rig catch,set netting 
displaced trawling as the dominant method of rig capture. Set netting 
has remained the most important method of rig capture in this fishery 
ever since. 
~t net and trawl landings have both shown considerable variatiqn 
since 1977, but overall they have declined. Some of the variation in 
the set net catch is attributable to changes in the amount.of fishing 
1 These figures are only for the October-January period in each season 
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Figure 2.4 Trawl and set net landings at Lyttelton, 1974-1982. Includes 
landings at all small ports around Pegasus Bay. 
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Figure 2.5 Real changes in port price of rig, 1973-1983. Original port price data are adjusted using the 




effort, but some is also due to falling catch rates (see section 3.3.3). 
The drop in trawl landings would seem to be a result of a fall in catch 
rates, as trawling effort does not appear to have decreased in Pegasus 
Bay since 1977. 
As the catch rates began to decline, so too did the set net 
fishennen's profits. Profits were further depressed by rising costs and 
a real decline in the unit price paid to fishennen for rig (see Figure 
2.5). 
changes. 
Consequently, the fishery experienced some very significant 
The most obvious of these changes was a reduction in the number of 
rig fishermen. The largest reduction occurred between the 1978-79. and 
1980-81 seasons, when the mean number of set net ve~sels fishing each 
month in the October - January period (~nd fishing more than 350 m of net) 
fell from 24.2 to 12.8 (see Figure 3.5). Vessel numbers have more or 
less stabilised since this time. The mean number of vessels fishing for 
rig each month in the October - January period has oply shown a very slight 
decline over the last three seasons (see Figure 3.5). This does not 
mea; that the fleet is the same now as it was three years ago, as it is not. 
It simply means that the number of entrants has been roughly balanced by 
the number of withdrawals since 1980-81. 
Decreasing prof:ts also caused changes in the way that the fishing 
operations were run. As the catch rates fell, fishermen began to set 
more net in an attempt to maintain their catches. The mean length of 
net used by each operator has increased by approximately 200 m per year 
since 1977-78 (see Figure 3.4). There has also been a trend towards 
using smaller mesh sizes. Data collected,during the 1979-SQ season 
show that most fishermen used 178 mm mesh nets, but that a number used 
191 mm and 185 mm mesh nets. Very little 165 mm mesh was in use. 
Most fishermen still use 178 mm mesh nets, but 165 nun mesh is now quite 
common as well. Nets with mesh sizes larger than 178 mm are now rare. 
The other important behaviouralchangewhich has occurred as catch 
rates have declined, is a change in where the fishermen set their gear. 
When the'fishery first developed, most fishermen were setting their nets 
in the shallow trawl-prohibited areas near to the coast. By the 
1979-80 season, most fishermen were setting in -15-25 m of water. SomP, 
were fishing in 10-12 m and very occasionally nets were set in 35-40 m. 
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Now, most set- net fishing occurs in 35-40 m of water. A small amount 
occurs out in "the weed" at a depth of approximately 70 m, and the largest 
boats regularly fish on the continental slope in the Pegasus Canyon. 
Very little fishing occurs in waters less than 25 m deep. Since the bay 
has a relatively ·gentle slope, the fishermen have to trav.el much greater 
distances to fish in these deeper waters. This has increased fishing 
costs considerably, as fuel is a major running expense. 
( 
2.3.3 The Fishery in 1982-83 
Most of the information which follows, was collected through a 
survey of Pegasus Bay set net fishermen (see section 5.2). The aim of 
the survey was to describe the fishery as it existed in the 1982-83 
season. Some changes have occurred since the s~ason finished (e.g., some 
fisherm~n have changed their fishing practices and some have retired from 
fishing). The most significant difference between the fishery in 1982-83 
and 1983-84, is that most "Group C" fishermen have been excluded from the 
fishery (subject to appeal) as a result of the first decision in the 
effort reduction process (see section 1.1). 
Due to the limited time available, the trawl fleet has not been 
examined in detail in this study. Because trawlers do not target fish 
for rig, it was thought that attention should be focused on the set net 
fleet. 
A. Participation in the fishery 
The set net fishermen who participated in the fishery during the 
1982-83 season, were a very diverse group. There was considerable 
variation between fishermen with respect to the size and economic 
importance of their operations and the way that the operations were run. 
These differences were largely the result of different motives for being 
involved in the fishery. 
For the purposes of this study, the set net fishermen have been 
separated into three groups: the full-time fishermen who target fish for 
rig in the summer (Group A); the part-t~me fishermen who fish seriously 
during the rig season but do not fish outside this season (Group B); and 
"the rest" (Group C). 
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Group A was the smallest group, containing only five vessels. 
All fishermen in this group set netted for rig in the summer months, but 
reverted to either trawling or dredging for the rest of the year. The 
vessels were all owner-operated. Two were run on a partnership basis, 
with both partners working on the vessel, while the other three had only 
one owner. All vessels were worked by two fishermen. The vessel owners 
had a mean of approximately 12 years commercial _fishing experience. 
/ 
· Three of the five vessels were operated in a quite different manner 
to the other vessels in the fleet. These three vessels remained at sea 
with their nets for periods of 2-4 days, lifting and re-setting them 
approximately every 12 hours. At the end of a fishing trip, the nets were 
brought back to shore. These fishermen typically fished much further out 
than the other set net fishennen. They often fished_ 60-80 km from port, 
this being made possible by the large size of the vessels and the fact that 
they were not returning to port each night. The remaining two vessels in 
this group were operated in a similar manner to Group B vessels as described 
below. 
Group B contained 10 vessels. All but one of these vessels were 
owner-operated. Two of the owner-operated vessels were owned on a 
partnership basis, but the rest had only one owner. As with the previous 
group, all vessels were worked by two fishermen. 
These vessels were only worked seasonally. The owners relied 
mainly, or in some cases solely, on fishing for an income during the rig 
season, but outside the rig season they did not fish. Most were tradesmen 
(e.g., plumbers, bricklayers) in the off-season, but other occupations 
included shop proprietor and unskilled ~abourer. Most crew members were 
also tradesmen or labourers in the off-season. The fishing experience of 
the vessel owners was extremely varied for this group, ranging from one to 
20 years. The mean was approximately 10 years. 
The fishermen in this group only mad~ one-day excursions. They 
cleared their nets and then re-set them before returning to the shore. 
Fishing was most commonly carried out 25-35 km from port. 
Group C contained all those set net fishermen who 'do not fall into 
one of the first two categories. This included the 'low-key' rig 
fishennen who only set netted for rig occasionally and the set net 
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fishennen who did not target fish for rig. It contained 14 vessels, all 
of which were owner-operated. In many cases, the skipper worke~ alone on 
these vessels. 
The fishermen who did target fish for rig, generally used modest 
amounts of net and they did not usually venture far offshore. The 
operation was treated as a means of supplementing the income from another 
full-time occupation. 
I 
Most of the fishermen in Group C did not fish specifically for rig. 
They generally fis~ed for a range of species, either inside Lyttelton 
Harbour, or close inshore along the beac~. Two of these fishermen were 
full-time commercial fishennen, but the rest did not regard their operation 
as a financial enterprise. For most, fishing was simply a weekend or 
retirement activity that was carried ou~ for pleasure. As a result, only 
very small amounts of net were used (the mean was approximately 200 m). 
Furthennore, very little of the fish which these fishermen caught was sold. 
Most of it was either kept for personal consumption or given away. In 
some cases,· it was traded for fann produce. 
B. Fleet structure 
The Pegasus Bay set net fleet was very diverse with respect to 
vessel size and design. Although the differences between groups were 
large, the vessels within each group shared many common characteristics. 
On the whole, group A vessels were the largest. They ranged from 
8.5 m to 13.2 m in length, the mean being 10.5 m. They all had 
displacement hulls made.from either kauri or plywood. Engine size was 
variable, but most vessels had a cruising speed of 7-8 knots. Both the 
hulls and engines were old in most cases; the hulls ranged from 11 to 40 
years old and the engines from one to 13 years old. 
Group B vessels were smali high-speed vessels, built specifically 
for set netting. They all had fibreglass or fibreglass-on-ply planing 
hulls, ranging from 6.0 m to 8.4 m in length. The mean length was 7.1 m. 
Most of the hulls were very new. The mean age was only 3.7 years. 
Nearly all of these vessels were propelled by large stem-drive or 
outboard engines. These engines were typically between 250 and 450 horse-
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Table 2.1 Description of Pegasus Bay set net fleet in 1982-83a. 
Group 
A B C 
NUMBER OF OPERATIONS 5 10 15 
SIZE OF SAMPLE 4 9 11 
I 
OWNERSHIP 
- Number of sole 2 6 11 owner-operators 
- Number of partnership 2 2 owner-operators 
COMMERCIAL FISHING 
EXPERIENCE OF SKIPPERS (yrs) 
- Mean 11.8 10.6 14.0 
- St. dev. 5.5 6.6 14.9 
OFF-SEASON OCCUPATIONS OF All full-time Mostly tradesmen Variable 
SKIPPERS AND CREW MEMBERS fishermen or labourers 
MEAN NUMBER OF CREW MEMBERS 2.0 2.0 1.3 (INCLUDING SKIPPER) 
VESSEL CHARACTERISTICS 
(a) Hull 
(i) Length (m) 
- Mean 10.5 7.1 5.9 
- St. dev. 1.7 1.0 1.1 
(ii) Age (yrs) 
- Mean 19.4 3.7 14.4 
- St. dev. 12.0 1.8 13.0 
(b) Engine 
(i) Horsepower 
. - Mean 147.0 337.0 52.8 
- St. dev. 86.2 108.1 45.1 
(ii) Age (yrs) 
- Mean 7.8 2.1 7.3 
- St. dev. 5.4 1.3 5.8 
a Does not. include set net vessels which did not land rig in the 1982-83 
season. 
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power (hp). Consequently, cruising speeds were in the order of 20-30 knots. . . 
Since the engines rev at very high rates, they have a short lifespan, 
e.g., 3-5 years for outboards. The mean age of the engines was, therefore, 
very low (two years). 
Group C vessels were much more variable than either of the other 
two groups and so it is difficult to identify any distinguishing 
characteristics of the group. The vessels had wood, aluminium or 
fibreglass-on-ply hulls, ranging from 3-80 years old. Most were driven 
by inboard engines, but a few had outboards. The engines also ranged from 
the very new to the very old. Overall, however, the vessels were smaller 
and the engines less powerful than the vessels in either of the other two 
groups. The hulls ranged from 4.3 m to 9.2 m in lengt?, with the mean 
being 5.9 m. Most engines were between 20 and 70 hp. 
C. Marketing 
Fish marketing is very complex in Christchurch, as two different 
types of marketing system are in operation. 
the other an agency system. 
One is an auction system, 
Most of the fish sold in Christchurch is sold under the auction 
system. The two wholesaling and processing companies which handle most 
of the fish, Feron Seafoods Ltd. and United Fisheries .Ltd., bot? operate 
a daily auction. These companies accept fish from any vessel and sell 
the fish in its landed state to retailers (or occasionally wholesalers) 
on behalf of the fishermen. The fisheI111en are then paid the auction 
price, less a handling fee. Fish which is unsold at the auction or 
which does not fetch the floor price set by the auctioning company, is 
bought by the company for processing in its own plant. This system gives 
rise to considerable price variation. Prices vary according to the 
~vailability of fish, and so there may be considerable variation, even from 
one day to the next. 
Wholesalers operating under the agency system, sell their fish to 
a regular clientele of retail outlets. Fishermen who sell fish to these 
wholesaling companies, are paid a fixed price for the fish. The price 
does vary throughout the season,.but less erratically than with the other 
system. 
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Although there were large price variations during the season, the 
general trend in both systems wa~ for higher prices to be paid at the 
beginning and end of the season, and lower prices to .. ~e paid during times .. ,.._. . . 
of peak catch. Most fishermen were receiving between $2.40/kg and 
$2.60/kg for rig 11trunks11 during the height of the 1982-83 season. 
Before November and after February, prices were usually between $3.00/kg 
and $3.30/kg, but the price did go as high as $3.70/kg (A. Coakley, pers. 
comm.). , , 
The wholesaling and processing companies sell most of their rig 
to either retail or fast food outlets. Retailers sell· rig fillet under 
the tradename "lemonfish". During monthly rounds of ten Christchurch 
retail outlets, I observed rig selling for between $5.50/kg and $7.00/kg. . . 
None of the shops showed very large price variations trom one month to the 
next. 
D. Stunmary 
Although small, the Pegasus Bay rig fishery is very complex. There 
are complex interactions between the trawl and set net fleets, and within 
the set net fleet, there is considerable diversity with respect to the 
motives for fishing and the way that the operations are run. 
The fishermen who ~articipated in the fishery during the 1982-83 
season are separated into three groups. Group A operators were full-time 
fishermen. They fished in other fisheries outside the rig season, and 
only set netted during the summer. Most of these fishermen remained at 
sea for several days each trip, lifting and resetting their nets at regular 
intervals. They brought their nets back to shore at the end of a fishing 
trip. Group B fishermen fished full-time, or nearly full-time, during the 
rig season, but did not fish outside this period. Most were self-employed 
tradesmen during the off-season. These fishermen returned to port each 
evening, but left their nets set in the bay. Most Group C fishermen were 
not fishing for financial gain during the 1982-83 season. Fishing was 
usually a recreational or retirement activity for these fishermen. Those 
that were fishing for financial gain, did not fish full-time during the 
rig season. 
Port prices for rig, showed considerable variation throughout the 
season. Overall, however, they increased as supply diminished. 
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3,0 CATCH-EFFORT ANALYSIS 
3.1 INTRODUCTION 
Good catch and effort statistics are crucial for the successful 
management of any fishery. The reason for this is that they allow 
fishery scientists to assess the state of fish stocks. 
,The state of a fish stock is detennined by two factors: population ' . 
size and population structure. Although catch and effort statistics do 
not usually yield any information on population structure, they do provide 
information on the apparent abundance of fish, i.e., the abundance of fish 
in the exploited portion of a stock. This is very rarely the same as 
total stock abundance but it is nevertheless a vitally important quantity. 
Apparent abundance (A) is mathematically defined by the expression 
where Y = total catch, and 
A=y 
F 
F = instantaneous fishing mortality rate (Rothschild, 1977) 1 • 
(3.1) 
Since the instantaneous fishing mortality rate cannot be estimated from 
catch and effort statistics, it is assumed that fishing mortality is 
proportional to the amount of fishing effort (Beverton and Holt, 1957) 
according to the relationship, 
F = q f (FAO, 1976) 
where q = catchabili~y coefficient, and 
f = effective fishing intensity (FAO, 1976) or nominal 
fishing effort (Rothschild, 1977). 
It follows that, 
1 y 
A= q (f) 
(3.2) 
(3.3) 
1 Fis related to the proportion. of.fish dying due to fishing (Pp) by the 
expression, 
Pp=~ (1-e-z) 
where Z = total instantaneous mortality rate (Ricker, 1977). 
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The term Y/f is by definition the catch-per-unit-effort (CPUE) (Marr, 
1951; Beverton and Parrish, 1956), and thus equation 3.3 may be restated, 
1 . 
A = - (CPUE) 
q (FA0, 1976). (3. 4) 
Since CPUE is proportional to apparent abundance, CPUE may be used to 
monitor the apparent abundance of fish from year to year. In practice, 
CPUE is usually used to monitor total abundance, as it is usually assumed 
that apparent abundance is proportional to total abundance1 (FA0, 1976). 
It is important to note, however, that CPUE is proportional to the a:verage 
abundance of fish while fishing is in progress (Ricker, 1940). 
It is also important to note that the relationship between CPUE and 
abundance only holds perfec,tly true when certain "id~al" conditions are met. 
For seasonal fisheries, these conditions are that: 
(i) the commercially useful portion of a fish stock is fished with 
equal intensity in every part of the population's geographical 
range; 
(ii) the same amount of effort is applied in the fishery throughout 
the fishing season; 
(iii) the catching efficiency (and therefore the catchability 
coefficient) of the fishery remains constant throughout the 
period examined; and 
(iv) that natural mortality within the population during the 
fishing season is balanced by natural increase (growth and 
recruitment) during the same period (Ricker, 1940). 
Clearly, these conditions will never be completely satisfied. 
Providing any departures from the ideal state are not too serious, 
however, then CPUE will still be a useful index of abundance. 
Catch and effort statistics can also be used to estimate a fish 




stock production models (e.g., Schaefer surplus production 
dynamic pool models (e.g., Beverton and Holt yield-per-iecruit 
Stock production model-s are highly simplified models as they do 
1 Total abundance is hereafter referred to as abundance. 
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~ot distinguish between growth, recruitment and natural mortality. The 
production resulting from these three processes is,therefore,treated as a 
single function of population size. Dynamic pool models are more 
sophisticated, as they do distinguish between these three processes. 
One requirement of both types of models is catch and CPUE data for 
a large nl.Dllber of years. Since the data used in the following analysis 
do not cover a long period of time, it is impossible to apply either type 
, 
of model to estimate the sustainable yield. The catch and effort data 
can only be used,therefore,to assess changes in the abundance of rig in 
the Pegasus Bay region throughout the history of the fishery. This is 
still expected to provide a good indication of the present biological 
status of the fishery. Since rig caught in this region are part of a 
wide-ranging stock which is also exploited by severa~ other fisheries, 
data from other regions are also discussed briefly to aid interpretation. 
3.2 COMPUTING CATCH-PER-UNIT-EFFORT INDICES 
CPUE indices are only ever as good as the data from which they are 
calculated. Thus, both the catch and effort data must be accurate if 
CPUE is to be an unbiased indicator of abundance. 
3.2.1 Catch Data 
There are two general problems with catch data in this respect. 
The first is that the quantity of fish which is landed, is rarely the same 
as that which dies as a result of the fishing operation. Some fish which 
are caught by the nets drop out, either while the net is still set'}or while 
it is being hauled. Some of these fish may die later as a result of the 
injuries sustained while in the net. Predation and spoilage may also 
claim substantial but unrecorded quantities of fish. For low-value species, 
even good quality fish are frequently discarded. In these cases, landings 
will bear little relation to the actual catches. 
The other problem with catch data is that fishermen frequently 
under-report their catches on the statistical return forms they submit to 
the MAF. Thus> even when fish is lan~ed, it is not always recorded. 
The overall result of these factors is that recorded "landings" 
underestimate true catches considerably. 'The extent of this bias is 
unknown and probably variable through time. 
3.2.2 Effort Data 
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Fishing effort is defined as the mathematical product of fishing 
power (the fish catching capacity of a fishing unit) and fishing time 
(Beverton and Parrish, 1956; Gulland, 1956; Beverton and Holt, 1957). A 
suitable measure of effort must therefore account for both of these factors. 
A. Factors affecting the· fishing power of-set net units 
The fishing power of any form of static gear such as set nets, is 
mainly influenced by the characteristics of the gear·itself. Vessel 
characteristics may be important, but usually. only indirectly, e.g., they 
may determine where and how much gear can be fished. 
The three major factors which influence the fishing power of set 
nets are considered to be the amount of net, the selectivity and efficiency 
of the net~ and the skill of the fishermen. 
(a) Amount of net 
The most obvious factor affecting the fishing power of set nets is 
the amount of net in use. Providing th~ density of fish does not decline 
over the range of any increase, then as the amount of net increa~es there 
is a proportional increase in the chance that a fish will encounter·the 
net. If all other things are equal, then the chance of catching a fish 
also increases proportionately. Thus, so long as adjacent nets are not 
competing for the same fish at the same point in time, it is generally 
assumed that fishing power increases in proportion to the amount of gear 
in use (Ricker, 1940). 
The amount of net is a function of both the length and depth of the 
net. The depth of a net is usually of lesser importance than the length 
in bottom set net fisheries, however, as many demersal species have narrow 
vertical distributions above the seabed. Once the distributional range 
of the target species is fully fished, the power with which a net fishes 
for the target species will not be increased with further increases in the 
depth of net, simply because the flsh do not occur in the additional region 
being fished. 
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The density of fish may also decline over the range of any increase . . 
in net length. Ricker (1940) points out· that when additional gear is used, 
it may occupy less favourable fishing grounds, in which ~ase fishing power 
is not increased in proportion to the extra net. This may be expected to 
occur where a fish is highly selective with respect to habitat requirements, 
where it has a very concentrated distribution, or where any combination· of 
these factors exists. The effect would be difficult to detect without 
detailed infonnation on the distribution and movements of fish and the 
catch rates in various localities, h~wever. In most situations it can 
probably be assumed that an increase in the length of net will result in a 
proportional increase in fishing power. Length of net is likely to be the 
most important component of fishing power for set nets (FAO, 1976). 
(b) Selectivity and efficiency of nets 
Nets may be selective (and therefore relatively more or less 
efficient) with respect to many variables such as age, size, sex, condition, 
behaviour and habitat (Hamley, 1975), but the term is used in its 
traditional sense here, meaning selection by size. 
The selectivity and efficiency of set nets is influenced by an 
enormous number of net characteristics. These characteristics have 
recently been comprehensively reviewed by Hamley (1975) and von Brandt 
(1975). Some of them will be mentioned briefly here, however, to explain 
how they affect fishing power. 
(i) Mesh size. The catching efficiency of a net of any particular 
mesh size, varies with the size of fish. The fishing power of any 
given mesh size depends,therefore,upon the size structure of the 
population. Since fishing decreases the average age, and hence 
size, of fish in a population, the mesh size producing the 
greatest efficiency will decline with time. 
(ii) Mesh shape. Fish with n~rrow and high cross-sections are fished 
more effectively with mesh that is verti~ally stretched, while 
fish with flat cross-sections are fished more effec_ti vely wi.th 
horizontally stretched mesh (Steinberg, 1964 in van Brandt, 1975). 
Thus, fishing power generally increases as mesh shape conforms 
more closely with the cross-sectional body shape of the target 
species. 
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(iii) Net material. If all other things are equal, then fishing power 
increases with decreasing visibility, increasing flexibility, and 
increasing elasticity of the mesh material (Atton, 1955; Hansen, 
1974). Thus, fishing power may change if one material is 
substituted for another, or if the same material is made less 
visible, more elastic or more flexible. A good example of the 
effect of substituting one net material for another, was seen in 
New Zealand during the early 1970s when cotton and linen nets 
f 
were replaced by nylon nets. Nylon's greater elasticity and 
reduced visibility more than compensated for the loss in 
flexibility with the result that fishing power was greatly 
increased. One means of making nets less visible, more elastic 
and more flexible is ta decrease the diameter of the mesh material. 
Providing a reduction in mesh diameter does n~t weaken the material 
to the point where it will break under the strain of a struggling 
fish or hauling, then fishing power will be increased. 
In addition to the above, there are several other factors which may 
also affect fishing power, e.g., the hanging coefficient of the net (the 
ratio of the length of completed net to the stretched length of the webbing 
used in it), the age of the net, the colour of the r1oat and lead-lines, 
and the tension with which the net is set. Changes in the~e factors are 
considered to have a more minor impact on fishing power. 
(c) Skill of the fishermen 
Although the fishing power of a net is invariably quantified in 
physical terms, its power is also a function of certain human factors. 
These factors are collectively termed "skill". They refer to where, when 
and how the gear is deployed. 
Skill is a difficult entity to quantify as it is a function 
of inherent individual qualities, learning and experience. Since it 
cannot usually be quantified, it is important to watch for any changes in 
the level of skill in a fishery. Any increase in the total skill in a 
fishery will alter the effective fishing effort and hence bias CPUE by 
overestimating abundance in recent years (FAO, 1976). 
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(d) Other factors affecting fishing power 
The fishing power of a net can be drastically influenced by the 
capture of non-target species. If the net catches large quantities of 
non-target species, then the power with which the net fishes for the 
target species is severely reduced and CPUE will underestimate the target 
species' abundance. This may be an important consideration in fisheries 
where the by-catch is consistently high, but it is unlikely to be so if 
the by-::.catch is always or predominantly low. 
Another factor which can bias estimates of fishing power in a multi-
species fishery is a change in the fishennen's choice of ,target species. 
Choice will be mainly determined by the abundance of a species and its 
market price, either of which may change (FAO, 1976). If there is a shift 
in species preference then the relative proportions of fishing power which 
are directed towards each species may change. Where these changes go 
unnoticed in catch-effort analyses, CPUE will overestimate real declines in 
abundance of the former target species (PAO, 1976). · 
Environmental phenomena may also ~ffect the fishing power of set 
nets. Currents can roll a net up, thereby reducing its effective fishing 
area (pers. obs.), or they can cause it to billow in a way which prevents 
proper gilling of the fish (Hickling, 1961 in von Brandt, '1975). In 
extreme cases the net may be swept away altogether. These currents may 
be either temporary or·permanent. Where they are temporary they are 
unlikely to be important unless they are severe or unless they occur 
frequently. 
B. The choice of fishing time units 
If fishing effort is to be described accurately, then it is 
important to -use an appropriate measure of fishing time in the effort 
calculations. It is not easy to describe such a measure for set nets, 
as catches do not always_ increase in proportion to the amount of 
time a net is in the water, i.e., fishing power often decreases with time 
(Kennedy, 1951; Beverton and Parrish, 1956; Beverton and Holt, 1957; 
Hamley, 1975). Kennedy (1951) states that, 
" at very Zow ZeveZs of avaiZabiUtv, doubZing the intervaZ . . . 
between Zifts wiZZ probabZy doubZe the average aatah (per Zift), 
at moderate levels of availability a given nWf'lber of nets will 
yield more if aleared daily than if cleared at longer intervals, 
and at high levels of availability nets can probably become 
satia>ated during the first day so that they will catch no more 
fish if they are left in the water for a longer time." 
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At low abundance, therefore, the best measure of fishing time will be the 
nrnnber of days that the nets are fished. At high abundance, the best 
measur6 of fishing time will be the number of days that the nets are 
cleared. At moderate abundance, neither of these measures will be ideal. 
Thus, it appears that different measures of fishing time are 
appropriate in different situations. What is appropriate for high 
abundance, is not appropriate for low abundance. This presents real 
problems in a fishery which is fished from high to low abundance, as it 
means that neither of these measures will accurately describe fishing time 
throughout the history of the fishery. 
3.3 ANALYSIS OF TIIE PEGASUS BAY RIG FISHERY 
The data used in this analysis were obtained from the monthly return 
forms which all commercial fishermen are required to submit to the MAP. 
Since these fontls are confidential, the data were summa1·ised for me by the 
MAF. 
3.3.1 Assumptions 
Before proceeding with the analysis, it is important to examine how 
well the·data conform to the assumptions noted in section 3.1. 
(i) The commercially useful portion of a stoak is fished with equal 
intensity in every part of .the population's geographical range. 
CPUE will only be a valid index of abundance if the chance of any 
fish being caught is approximately the same as that of any other fish of 
a similar size and sex (Ricker, 1940). 
The_results obtained so far from tae MAF rig research programme 
indicate that all rig around the South Island are part of one stock 
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(Francis, 1983a). While there is probably sufficient interchange 
between the east and west coasts of the South Island to maintain genetic 
links,- the majority of the fish do not migrate from one coast to the other. 
For management purposes, therefore, the east and west coast fish can 
probably be treated as two stocks (M:. Francis, pers. comm.). Even so, the 
distribution of effort over the east coast is far less than ideal with 
respect to the above assumption. Effort is markedly more intense near the 
fishing ports, and even within a fishery . the .effort is oft~n concentrated 
, 
into small areas. 
This unequal distribution of fishing effort, is partly compensated 
for by the fact that "rig are highly migratory. Of the 131 tagged fish 
which have been recaptured to date, 48% have travelled more than 20 nm from 
the tagging site, and 22% have travelled more than lQO nm within one season 
(Francis, 1983a). Thus, although the effort may not be uniformly spread, 
the probability of similar fish being caught may·still be relatively 
constant throughout the population. It is considered,therefore,that the 
basic requirement relating to the chance of capture is met well enough to 
make the analysis valid. 
(ii) The sa1ne amount of eff~rt is applied in the fishery throughout 
the fishing season. 
As with the previous assumption, there is a lr.rge difference between 
the observed and ideal situations. Ricker (1940) states, however, that, 
"As long as the gear used at different times is more or less in the 
same proportion in successive years, this will probably not be an 
important source of error." 
Figure 3 .1 shows the proportion of the total seasonal October -
January set net effort, which is applied in each of these four months for 
the period analysed. Although the proportion of effort applied in any 
one month does vary between seasons, it appears to be reasonably similar 
for most of the seasons examined. It is not expected, therefore, that 
any serious bias will result from this assumption. 
(iii) The catching efficiency of the fisher~ remains constant.throughout 
the period exarr~ned. 
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Figure 3.1 Percentage of seasonal set net fishing effort deployed in each 
month, 1975-1976 to 1982-1983. Values shown are percentages of 
the total October-January fishing effort deployed by set net 
vessels fishing in Pegasus Bay with more than 350 metres of net 
(Source: MAF, unpubl. data). 
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There are several factors which could produce changes in the 
efficiency with which the gear fishes for rig. These are environmental 
factors, interactions between nets, net saturation, technological 
improvements, and increases in the level of total fishing skill. 
Environmental factors are considered to be a minimal source of error 
as any events which would affect the efficiency of the nets are unlikely to 
be frequent or prolonged. ·Any non-random events (e.g., north-westerly 
winds) ~ill probably follow a fairly regular pattern of intra-seasonal 
variation from one year to the next, in which case biases will probably 
not be serious for the same reasons given in the previous assumption. 
The effect of interactions between nets is a little more uncertain. 
Although it is unlikely to be an important consideration at present, it may 
have been in the past. During earlier yea~s many of the boats were small. 
Since they were not able to fish far offshore~ there could have been some 
crowding on the nearshore grounds. If this was the case, then abundance 
will be underestimated in these early years. 
Of all the factors affecting catching efficiency, net saturation is 
probably the most significant. At present, rig catches are generally low 
and so saturation effects are probably only ever likely to occur with heavy 
by-catches of the spiny dogfish, Squalus aaanthias. Although these large 
catches greatly inhibit the efficiency with which rig is caught, they are 
seldom made (R. Beggs, C. Hill, G. Sinclair, J. Waller, pers. comm.). 
Thus net saturation is not likely to be an important source of error at 
present. It may have been during the early years in the fishery, however, 
when rig catches were much greater. If the catches were large and 
frequent enough, then abundance would be underestimated in the earlier 
years. 
Technological improvements and changes in the .level of total 
fishing skill may also lead to biased estimates of abundance in this 
fishery. Some technological improvements have occurred, e.g., conversion 
to more efficient oval mesh (Francis and Smith, 1983), and fishermen's 
skill will have undoubtedly increased over the years. Both these effects 
will probably lead to an underestimation of abundance in the early years 
of the fishery. 
Overall, therefore, this assumption may result in a significant 
underestimation of the abundance of fish in the earlier years of the period 
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examined. This bias must be considered when interpreting the results of 
the analysis. 
(iv) Naturai inareases and decreases are baZanaed within the 
population during the fishing season. 
Unfortunately, it is not possible to assess the validity of this 
asstnnption as there is virtually no information available on growth, 
recruitment and natural mortality. 
Since the data are only being used to reveal general trends in 
. . 
apparent abundance, it is concluded that the assumptions (with the 
exception of (iv) which is uncertain) hold well enough to make the catch-
effort analysis valid. 
3.3.2 Units of Measurement 
Since the rig fishery is a summer fishery, the data are arranged 
into July-June years, so that all the months of one fishing season fall 
into the same period. 
-In the analysis which follows, only the October - January catch and 
effort data are used for each of the "years" examined. .The reason for 
this is that some fishermen are known to target fish for other species 
when rig catches are low. This i-s most likely to occ~r outside of the 
October - January period. These four months have almost always yielded 
the highest catch rates and are,therefore,considered to be the most 
appropriate to analyse. Furthermore, they account for the greater part 
of the yearly set net catch and effort in each of the years examined (in 
all but one of the years examined, they account for more than 80% of the 
catch and more than 70% of the effort). Thus the CPUE index will be 
representative of a season but it will not describe the catch rate for the 
entire year. 
Not all fishermen's catch and effort data are included in the 
analysis. First, only set net data are used. Appreciable quantities 
of rig have been caught by other methods at times (see Figure 2.4), but 
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they were and still are usually only taken as a by-catch. This makes it 
impossible to determine appropriate effort units. The impact of these 
vessels on the abundance of rig is expected to be manifest in lower set 
net catch rates. Thus, set net catch rates should still be a reliable 
indicator of abundance. 
Second, only set net fishermen who fished more than 350 m of net are 
included. Fishermen using less than this amount are probably "week-end" 
fishermen and they account for only a small proportion of both the catch 
and effort in each of the years. Although they do account for a slightly 
larger proportion of both catch and effort in earlier years, the difference 
is not thought to be significant and it is not expected to unduly bias the 
results. 
All catch data used in this analysis are stated in kilograms 
11 green" 1 weight. Since rig is "trunked" 2 before being landed, all landed 
weights must be multiplied by a factor of 2.0 to obtain the corresponding 
green weight (MAF, unpubl. data). 
Effort data are stated in units of 100 m days. "Days" in this 
case refers to the number of days that fish were landed. This is not an 
ideal measure of fishing time, but it is the most reliable figure available, 
as it is the only measure that is consistently recorded (M. Francis, pers. 
comm.). It will correspond very closely with the number of days that the 
gear is lifted, as very few fishennen. stay out at sea for more than one day. 
Thus, effort is calculated by multiplying the number of 100 m lengths of 
net each fisherman uses, by the number of days that ~e landed fish, and 
then summing the individual figures for all fishermen. 
Although this measure does not account for many of the variables which 
affect fishing effort as discussed in section 3.2, it is the best measure 
available. 
CPUE data are expressed in units of kg/100 m day. rhe seasonal 
CPUE index is calculated as the mean of all the individual monthly catch 
rates in the October - January period. 
1 The "green" weight of a fish is its weight as it is taken from the sea. 
2 The "trunked" weight of a fish is its weight after the head, tai 1, fins 
and gut cavity contents have been removed •. 
so 
3.3.3 Results 
Figure 3.2 shows the total October - January set net catch and effort 
for all vessels fishing more than 350 m of net for the 1975-76 to 1982-83 
seasons. The seasonal CPUE index for the same.period is shown in 
Figure 3.3. The vertical lines about each point on the CPUE curve are 
approximate 95% confidence intervals of the means (i. e., mean± (2 x standard 
error)). 
, , 
Figure 3.4 shows the mean number of 100 rn lengths of net fished by 
each fishennan and the total number of days fished by all set net fishermen 
who set more than 350 m of net in the period_ examined. The product of 
these two quantities is approximately equal to fishing effort. 
the vertical lines show approximate 95% confidence intervals. 
Once again 
Figure 3.5 shows two components of fishing days; the mean number of 
set net vessels fishing per month and the mean number of days fished per 
month by each vessel. The latter of these terms is derived by calculating 
the mean number of days fished by each vessel in each month between.October 
and January, and then taking the mean of all months and all vessels. 
3.4 DISCUSSION 
3.4.1 Catch, Effort and Catch-Per-Unit-Effort Trends 
Although the period examined in the analysis is short, some very 
significant changes are evident in the catch, effort and CPUE. 
Catch and effort were both low in the 1975-76 and 1976-77 seasons, 
as very few·vessels were fishing in these two seasons (see Figure 3.5). 
The 1976-77 season differed from the previous season in one important respect, 
however; there was a considerable· increase in the mean catch rate. 
Although individual catch rates varied widely, the mean catch rate was more 
than double that of the previous season. This was probably an important 
contributor to the events of the following season. 
The 1977-78 season was a period of dramatic change in the fishery, 
as indicated by the catch curve. Many new vessels joined the fleet for 
this season and on average they fished more frequently than in previous 
seasons (see Figure 3.5). The result was that the total number of fishing 
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figure 3.2 Rig catch and fishing effort of set net vessels fishing in 
Pegasus Bay, 1975-1976 to 1982-1983. Only the October-January 
catch and effort of vessels fish_ing more than 350 metres 
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Figure 3. 3 Mean catch rate of .. set n1:3t vessels fishing in Pegasus Bay, 
1975-1976 to 1982-1983. Only the October-January rig catch 
and rig catch rate of vessels fishing more than 350 metres 
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Figure 3.4 Total num?er of fishing days and mean length of net per vessel 
for set net vessel,s fishing in Pegasus Bay, 1975-1976 to 
1982-1983. Values shown are only for the October-January period 
each season and they only include set net vessels fishing more 
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Figure 3.5 Mean number of set net vessels and mean number of fishing days 
per set net vessel for.vessels fishing in Pegasus Bay, 1975-1976 
to 1982-1983. Values shown are only for the October-January 
period and they only include set net vessels fishing more than 
350 metres of net. (Source: MAF, unpubl. data). 
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days leapt nearly fourfold, and although there was no significant 
increase in the mean length of net fished (see Figure 3.4), effort still 
rose 270% above the previous season's level. This increased effort 
generated a 910% increase in the catch, taking.it from the 1976-77 level of 
19 t to 198 t for the 1977-78 season. Since the catch rose by considerably 
more than the effort, CPUE again rose rapidly to reach what was to be its 
peak of approximately 34 kg/100 m day. 
/ 
The 1978-79 season was a turning point for the fishery. Although 
there was another large increase in effort (probably as a result of the 
previous season's success), the catch dropped slightly. The mean ea tch 
rate fell sharply therefore, as has been the general pattern ever since. 
This time the added effort was produced through increases in the total 
number of fishing days and the mean length of net (see Figure 3.4), The 
increase in the total nwnber of fishing days arose through an increase 
in the mean number of vessels fishing per month. The mean number of days 
fished in each month per vessel fell slightly (see Figure 3.5). 
In the 1979-80 season there was a substantial reduction in effort, 
taking effort back to the 1977-78 level. This was one reason for the 
huge (44%) drop in landings. The catch dropped by more than the effort, 
however, resulting in a further decline in CPUE. 
Total effort increased again in the 1980-81 season. The greater 
effort was effected through an increase in the mean length of net being 
fished. The total number of fishing days was virtually the same as it 
had been in the previous season, despite the fact that the mean number of 
vessels fishing each month fell substantially for the second year in 
succession. As a result of the increase in effort, the catch staged a 
brief recovery. CPUE declined slightly, however. 
Fishing effort·increased to an all-time peak in the 1981-82 season. 
As with the previous season, the increase was augmented through the now 
regular increase in mean ·net length. The total number of.fishing days 
remained virtually unchanged. Even with this extra effort, the catch 
fell by 22%. Consequently, CPUE declined abruptly yet again. 
r 
The 1982-83 season was notable for its low landings and 
significant reduction in effort. Although the mean length of net 
increased by a further 180 m (13%), effort decreased overall by 22%. 
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This resulted from a large decrease in the number of days fished. The 
catch also slumped to its lowest level in six years, partly because of 
the reduction in effort and partly because of another decrement in catch 
rate. 
One of the most striking points· to emerge from Figures 3.2 and 3.3 
is that the catch and catch rate have never shown any prolonged stability. 
They both rose rapidly between 1975-76 and 1977-78 during the fishery's 
devel~pment phase, and simultaneously peaked in 1977-78. Since then, 
however, the catch rate has declined at a steady and rapid rate, as has 
the catch in all but one season. Both catch and CPUE have diminished at 
an average rate of approximately 14% per annum. It should be noted that 
the real decline in catch rate is probably more than this, as the 
catchability coefficient is probably not constant fqr the period examined 
(see discussion of assumption (iii) in section 3.3.1). 
3.4.2 Interpretation of Trends 
Fishery scientists are generally agreed that a simultaneous drop 
in both catch and catch rate signifies a reduced abundance of fish 
(Russell, 1942; Beverton and Holt, 1957). Thus, the classical 
interpretation of the observed decline would be that the average 
abundance of rig in Pegasus Bay is decreasing. 
There are at least three other possible explanations for the 
decline in catch rate, which are not necessarily consistent with a 
decrease in the average abundance of fish, however. These are: first, 
that an increasing proportion of the fish are-now only present in the bay 
before October or after January; second, that other fishing methods are 
collectively catching an increasing proportion of the available fish, 
leaving less for the set net fishermen; or third, that the fish are 
becoming more adept at avoiding capture. 
If an increasing proportion of the fish were now only present in 
the months before October and after January, then we would expect to see 
the mean catch rate increasing in one or more of these months. We would 
also expect to see much more effort being applied in these months and 
therefore greater catches. 
None of these trends is apparent in the data which are available. 
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The mean catch rate does not show a general increase for any of the 
months outside of the October-January period and overall, the mean 
catch rate for these months has declined since 1977-78. Fishing effort 
has shown a very small increase, but the catch.has not. It too has 
declined since 1977-78. Thus it seems unlikely that the rig are now 
simply migrating into the bay at a different time. 
The second explanation is equally dubious, as the amount of rig 
, 
landed by other fishing methods (principally trawling) has not increased 
in parallel with the falling catch rate (see Figure 2.4). Landings for 
these methods have, in fact, been less since 1977 than they were in the 
1974-77 period. 
The third possibility is an interesting one ~s fish are indeed 
capable of learning to avoid capture. However, catch rates have sometimes 
·fallen more than 30% in the space of one year and it seems difficult to 
believe that enough fish could learn fast enough to induce such a decline. 
Since none of these alternative (non-classical) hypotheses provides 
a satisfactory explanation for the decline in catch rate, the classical 
interpretation appears to be the most likely explanation. A reduced 
abundance of rig in Pegasus Bay does not necessarily imply a reduced 
abundance of fish in the population, however. It could simply be that 
the fish are now migrating onto the continental shelf in other areas. 
Although rig migrate along the coast once they have reached the 
shelf, there is evidence that many return to the same inshore grounds 
each summer (Mace, 1981; Francis, 1983a). If this is the case, then the 
decline in abundance could not result from changing migratory behaviour. 
The results of catch-effort analyses for the three other major 
South Island rig fisheries (Tasman Bay-Golden Bay, Kaikoura and Timaru) 
also make it unlikely that the declining catch rate is attributable to 
changing migratory behaviour. All three of these fisheries have 
experienced declining catch rates. Thus, unless the fish which normally 
migrate onto the shelf in the Pegasus Bay area are now migrating onto 
the shelf south of the Canterbury Bight, the decline must be the result 
of a diminishing rig population. This conclusion is supported by 
Figure 3.6. The graph shows that catch rates in all four fisheries 
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Log (mean catch rate) for east coast South Island rig fisheries, 
e 
1975-1976 to 1082-1983. The mean catch rate is only calculated 
for set net vessels fishing more than 350 metres of net and 
for the peak four month catch rate period at each port. 
(Source: MAF, unpubl. data). 
While there is no evidence to suggest that migratory behaviour 
has changed, there is some which suggests that the population is 
diminishing. It is concluded, therefore, that the decreasing abundance 
of fish in Pegasus Bay is the result of an overall decline in the 
abundance of rig in the east coast South Island population. 
59 
There are at least three possible explanations for the decline of 
the rig population. First, it could be part of a natural popul~tion 
fluctuation; second, it could be a consequence of excessive exploitation; 
or third, it could have resulted from some combination of these two 
phenomena. 
Natural population fluctuations occur when a species experiences 
some change in its physical or biological environme~t. The most 
important way that physical environmental changes generate population 
fluctuations is by affecting juvenile mortality. Since rig offspring are 
large and well developed when they are born, they are probably fairly 
resilient to physical environmental changes. Unless the changes are 
severe, therefore, they are not likely to generate large population 
fluctuations directly. 
Biological changes ar.e also unlikely to induce large fluctuations 
in the rig population, as the species has few known predators and it •does 
not constitute a large part of the diet of these predators. Furthermore, 
there is no reason to believe that the species' food supply has become any 
more scarce in recent years. With a reduction in the abundance of this 
and many other commercial species, it is quite possible that the dietary 
organisms are, in fact, more abundant now than they were several years ago. 
Thus, from what is known about the biology of this and other closely 
related species, we would not ~xpect to see a decline of the observed 
magnitude occurring naturally in such a short space of time. The only 
remaining explanation for the decline is that excessive exploitation is at 
least partly, if not wholly, responsible. 
This explanation is substantiated by recent data obtained from the 
~~Frig research programme. Tagging work done in the 1982-83 season has 
shown that the east coast South. Island rig stock is under very heavy 
fishing pressure. In the Kaikoura-Pegasus Bay region, 15.5% of all 
tagged fish were recaptured within the same season. This indicates that 
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approximately 15.5% of the post-recruitment fish in this region were 
caught during the 1982-83 season. In several other.regions on the east 
coast of the South Island, tag return rates were higher still. The true 
exploitation rate would be greater than these figures indicate, as some 
tags are not reported, some fish may lose their tags, and some fish may 
die as a result of the tagging procedure. Furthermore, the tagging year 
is not yet complete (Francis, 1983a). Thus, the estimated mortality 
rates are minimum possible values. 
/ 
Even these minimum estimates indicate that the stock is very heavily 
exploited, however, as rig is a low productivity species (Francis, 1983b). 
Crossland (1982 in Francis, 1983b) has shown that many other New Zealand 
species which have similar ages at sexual maturity to that estimated for 
rig and which are presumed to have simtlar post-maturity growth rates and 
natural mortality rates (e.g., snapper and tarakihi), may be overfished-
at exploitation rates as low as 
therefore less productive) than 
rates are probably in the order 
10%. Since rig is much less fecund (and 
these species, sustainable exploitation 
of 5% (M. Francis, pers. comm.). 
Rig, being elasrnobranchs, are probably not inherently resilient 
to overfishing. Thus the rapid decline in a~undance and high exploitation 
rate are cause for concern in themselves. There is one aspect of 
exploitation which makes the situation even more serious however; that is, 
the very high rate of P-xploitation of females in the stock. 
The MAP tagging experiments have shown that the minimum current 
exploitation rate of east coast females which are longer than 100 cm (the 
approximate length at which female rig mature) is 28% (M. Francis, pers. 
comm.). Female exploitation rates h~ve probably also been high at least 
since the 1977-78 season, as inshore migration and set net effort 
deployment patterns have probably been similar since this time (see 
Figures 4.3 and 3.1 respectively). This high rate of exploitation will 
have reduced the number of mature females greatly. It has probably also 
reduced the average age and size of the females. Since female fecundity 
increases with the size of females (see Figure 4.6), the mean number of· 
young per female has probably also declined. Thus, it is probable that 
these two factors have affected recruitment seriously as recruitment is 
probably ~irectly related to the size of the rig stock (see section 1.2.1). 
Both of these factors indicate that the presept situation is more 
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serious than the mortality estimates would lead us to believe. They 
indicate that future recruitment (and therefore the future health of 
the population) is probably also being severely affected.· If the 
current pattern of exploitation continues, therefore, it is almost 
certain that the abundance of rig in the population will continue to 
decline at a rapid rate. Even if remedial measures were implemented 
immediately, population recovery would be slow. 
The fundamental conclusion of this analysis is,therefore,that 
the abundance of rig is declining. This decline is attributed to 
overfishing. The cause of the decline is not of major importance, 
however, as regardless of the cause, fishing effort must be reduced if 
the population is to be harvested sustainably. If it is not, then there 
is good reason to believe that the future viability.of this fishery is 
in jeopardy. 
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4,0 BIOLOGICAL ANALYSIS 
4.1 INTRODUCTION 
The ability of a fish stock to su~tain a given·level of production 
is determined by its size, its biological character., and its relationship 
to its physical and biological envirol;Illents. Successful management of 
any stqck depends, therefore, upon an adequate knowledge of the biological 
system. 
Much of the biological research done by fishery·scientists, is 
concerned with assessing the size and condition of fish stocks. This may 
be done in a variety of ways, but trawl, egg or acoustic surveys, tagging 
experiments, and commercial catch and effort data analysis are all 
frequently used. Each of these techniques p~ovides information on the. 
absolute or relative size of a stock, and so if one or more is conducted 
regularly, it should be possible to detect changes in stock abundance. 
Tagging experiments also provide very valuable information on exploitation 
rates. Catch and effort data are particularly useful for the reasons 
noted in section 3.1. 
Since the condition of a stock is determined by its structure as 
well as its size, population structure monitoring is also integral to 
stock assessment. This may be done during research surveys or, 
alternatively, through commercial catch sampling programmes. Important 
parameters to monitor are the size, age and maturity of fish in the catch. 
The other major area of investigation undertaken by fisheries 
scientists is research into the population dynamics of the exploited stock. 
This involves study of such things as growth rates, maturity, fecundity, 
natural mortality and recruitment. It should also provide at least an 
elementary understanding of the stock-recruitment relationship so that 
the impact of fishing may be evaluated or anticipated. 
Environmental factors also exert a well-known influence on the 
dynamics of fish stocks. Thus, research should also seek to understand 
the relationship a species has with its physical and biological environments, 
as this will provide a valuable insight into the factors controlling natural 
mortality •. Larkin (1978) suggests that the size of a year class is usually 
determined in its first year. If this is so, an understanding of the 
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factors which control mortality in this first year is extremely useful, 
as it enables some prediction of the future state of a stock, and therefore, 
its yield. 
All of these factors determine how productive a stock is and 
therefore the amount of.fishing tha~ the stock will be able to withstand. 
They also determine the way that the stock will react when it is fished 
at a given intensity. Thus, it is the interaction between these factors, 
the size of the stock and the prevailing fishing regime that determines 
the state of the stock. The two major areas of research noted are, 
therefore, complementary to each other. By combining the two sets of 
data, it should be possible to develop more sophisticated analytical 
techniques to aid in managing the stock. 
The biological dimension of this study is obviously far too limited 
to allow an investigation of even a small fraction of these information 
requirements. It focuses, therefore, on the collection and analysis of 
some basic biological information as this is readily obtainable and 
fundamental to management of the fishery. It begins by examining the 
composition of crnnmercial catches with respect to fish size, sex, and 
maturity, and then relates this to length at maturity. Fecundity and 
embryo characteristics have also been examined as fully as possible. It 
was not possible to age rig in this study, however, as there is no 
satisfactory technique foraging this species. 
4.2 DATA COLLECTION AND METHODOLOGY 
The biological data contained in this analysis were gathered during 
the course of a sampling programme ·conducted on board commercial fishing 
vessels throughout the 1982-83 season. Wherever possible, the entire 
catch was examined. With large catches, this sometimes became 
in~racticable and in such cases it was necessary to take subsamples. 
All fish examined at sea had· their length, sex and sexual maturity 
recorded. Some were also weighed. The reproductive organs of mature 
fish were removed for lab9ratory examination. Length was measured to the 
nearest centimetre below total length as in Francis and Mace (1980). 
Weight was measured to the nearest 0.2 kg. Fish were categorised ~s 
mature, maturing or immature according to the classification in Appendix 2. 
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Laboratory examination of the male reproductive organs simply 
involved weighing the testes and their attached epigonal organ to obtain 
a combined weight. Weights were recorded to 0.1 g. 
Female reproductive organs were firstly examined to determine the 
stage of the reproductive cycle at capture. Although this cycle is 
continuous, five discrete phases were recognised for convenience: virgin, 
recently ovulated eggs, yolked embryos, full-term embryos, and post-partum. 
, 
The criteria used for classification are described in Appendix 3. If a 
fish was in the recently ovulated phase, the ovary was examined to determine 
whether ovulation was complete or not. Ovulation was judged complete when 
no large orange eggs remained in the ovary (Francis and Mace, 1980). 
Embryos were measured to the nearest millimetre below total length and once 
the yolk sac had been removed they were weighed tot~~ nearest 0.1 g. 
Embryos larger than about 7 cm could also be sexed. 
The uteri frequently contained eggs or embryos which would not 
produce viable offspring. Three types of reproductive failure were 
recognised; non-yolked uterine eggs, non-developing uterine eggs, and 
invia~le embryos. Non-yolked eggs consisted of the egg case and albumen 
only, the yolk having been abnormally retained in the ovary. Non-developing 
eggs were those eggs which had been ovulated normally but which subsequently 
failed to develop into embryos. A_uterine egg was recorded as non-developing 
if it had not shown any sign of producing an embryo by the time all the 
developing eggs contained embryos 5 cm long (Francis and Mace, 1980). 
Inviable embryos were embryos which were deformed; all but one of these 
embryos had large scars and abrasions over the head and sides of the body. 
These embryos also had much more fusiform bodies than healthy embryos and 
they frequently had muscle deformation. · Furthermore, they were usually 
3-5 cm shorter than the h~althy embryos in a litter. Where present, these 
embryos were also counted. 
Over the 1979-80 rig season, the MAF conducted a catch sampling 
programme on the Pegasus Bay rig fishery. This information. had not been 
analysed but was made available to me by the Ministry. It serves as a 
valuable set of baseline data for comparison with the 1982-83 data. 
Unfortunately, many of the data are unreliable as some fish longer 
than 100 cm were mismeasured. One data sheet contained numerous length 
measurements In excess of 150 cm, and since the largest rig recorded to date 
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is 140 cm (M. Francis, pers. comm.), it is very unlikely that the 
measurements are correct. Because it was not always possible to detect 
erroneous measurements, none of the 1979-80 set net data were used for any 
analysis requiring adult length measurements, The trawl data are used to 
describe the length-frequency distributions of trawl catches, however, as 
they were the only commercial trawl data available. Since most fish were 
less than 100 cm long, the error rate is expected to be low, 
4.3 CATCH COMPOSITION 
4.3.1 Length 
The size composition of a catch. is influenced by the.selective 
properties ·of the nets that are used to harvest the £'ish. Trawl nets have 
different selective properties from gil'l nets, and a trawl or gill net with 
one mesh size has different selective properties from another net with a 
different mesh size. It is necessary to account for these differences, 
therefore, when describing the length distributions of the catch. Table 4.1 
shows the number of male and female fish sampled over each season and the 
mesh size and method by which these fish were caught (1979-80 set net data 
are not included. See section 4.2 above). 
Table 4.1 Numbers of male and female fish sampled from trawl and set 
net catches • 
Sample 
Trawl 
(a) · 15 mm mesha 
(1982-83) 
(b) 100 mm meshb 
(1979-80) 
(c) 125 mm mesh 
(1979-80) 
Set Net 
(a) 178 mm mesh 
(1982-83) 






















b One female was also taken by a 100 mm trawl net in 1982-83. This is 
not included on the table. 
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Since rig school by size and sex, it is necessary to sample 
commercial catches on a number of different days and in a number of 
different locations~ to describe adequately the commerci~l catch of any 
particular mesh size and method. For some of the groups shown in Table 4.1, 
this is not the case. Although the 165 mm mesh sample size is reasonable, 
more than 80% of the fish were-sampled on one day, and so the sample is 
unlikely to be representative of the seasonal catch. Thus, the only set 
net length-frequency data used in the discussion of catch composition are 
I 
the 178 mm mesh data. Sample sizes for both males and females are 
considered adequate and the samples were taken over a large number of days. 
The 165 mm mesh set net length-frequency distribution is shown in Appendix 1. 
Although the trawl samples are small, these samples are analysed, 
as it is important_ to examine the differences between trawl and set net 
catch compositions. The 1979-80 sarnpl~s were taken from a small number of 
trawl 'shots' (four for the 100 mm mesh sample and three for the 125 mm mesh 
I 
sample), and while the 15 mm mesh sample was taken from a reasonable number 
of shots (10), it was taken during a period of only one week. It is 
necessary, therefore, to interpret the results cautiously. It should be . 
noted that the 15 mm mesh sample is not a commercial catch; the sample was 
taken while on board the research vessel, 'Kaharoa' • 
The length-frequency distributions of the trawl and 178 mm mesh set 
net samples are shown i~ Figures 4.1 and 4.2 •. Table 4.2 describes each of 
these distributions. 
4.3.2 Sex 
The relative proportion of males and females in commercial catches, 
varies with both the mesh size and time of year. The sex-composition of 
most samples cannot be examined adequately, however, either because there 
are too few fish in the sample or because the sample was not taken over a 
sufficiently long time span. The 178 mm mesh set net samples are the only 
samples suitable for analysis. 
Table 4.3 shows the percentage of males and females in 178 mm mesh 
set net catches throughout the two sampling periods. The original 
sampling days are grouped into two-week intervals to obtain larger sample 
sizes. These data are shown graphically in.Figure 4.3. 
Table 4.2 Description of trawl and set net length-frequency distributions. 
Length (cm) 
Sample Males in each size class (%) Males Females in each size class (%) 
<80 >100 >110 Mean s.o. <80 >100 >110 
Trawla 
(a) 1979-80 
(i) 100 mm mesh 35.5 25.8 3.2 82.8 23~4· 75.0 10.0 5.0 
(ii) 125 mm mesh 80.0 0.0 0.0 68.8 16.0 73.3 6.7 0.0 
· (b) 1982-83 
(i) 15 mm mesh 78.4 0.0 0.0 66.3 13.7 87.0 4.3 o.o 
Set Net 
(a)· 1982-83 
(i) 178 mm mesh 4.8 32.0 2.9 96.1 8.9 4.7 47.3 9.0 
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Figure 4.1 Length-frequency distributions (2 cm size class intervals) of 
male and female rig caught in tra\'ll nets in Pegasus Bay, 
·November 1979 - February 1980 and March 1983: (a) 15 mm mesh, 
1983; (b) 100 mm mesh, 1979-1980, (c) 125 mm mesh, 1979-1980. 























110 120 130 
0 I I FZf ~;?d F:;g;m;;;g~=;~=❖{r-•:8:;:❖:•~;,,:,,;.,:.;❖:•:❖:•r:❖:•:-:❖:•:•:❖:❖:❖:~:-:;;r.-;-:~:;:~:~;:;• 
50 
Figure 4.2 
60 70 80 90 100 110 120 130 
Length (cm) 
Length-frequency distributions (2 cm size class intervals) 
of male and female rig caught in 178 mm mesh set nets in 






Sex composition of 178 mm mesh set net catches throughout 




Number of Fish 
1979-8oa 1982-83 1979-80a 1982-83 1979-80a 1982-83 
Nov 1-14 40 73 27 
15-3p 204 64 93 67 7 33 
Dec 1-14 262 132 93 66 7 34 
15-31 89 55 89 85 11 . 15 
Jan 1-14 56 43 57 
15-31 24 160 13 33 87 67 
Feb 1-14 25 36 64 
15-28 38 63 3 10 97 90 
Apr 1-14 35 13 87 
-
a Source: MAF, unpubl. data. 
4.3.3 Maturity 
The relative proportions of mature and immature fish that are caught 
by each mesh size and method are important descriptors of catch composition. 
Once again it is important to compare the maturity composition of trawl and set 
net catches, and so the trawl data are analysed despite their shortcomings. 
The 178 mm mesh·samples are the only set net data examined. 
Rig examined during the 1979-80 season were only classified as 
mature or immature, while those examined during the 1982-83. season were 
classified as mature, maturing or immature. As the same criteria were used 
to judge full maturity in the two seasons, the percentage of fully mature 
fish taken in each season may still be compared for any one mesh size. 
These data are shown in Table 4.4. 
If the maturity composition of catches varies throughout the 
season, the overall estimates of the relative proportions of mature, 
maturing and immature fish will be influenced by when the samples are taken. 
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Figure 4.3 P~rcentage of females in 178 mm mesh set net rig _catches from Pegasus Bay, November 1979 - February 1980 




catch does vary with time. Table 4.5 shows· the percentage of fully mature 
males and females sampled in each time interval over the 1979-80 and 1982-83 
seasons. The data are shown graphically in Figure 4.4. 
Table 4.4 Maturity composition of trawl and set net samples. 
Percentage of each Maturity 
Sample Males Females 
Immaturea Maturing Mature Immature a Maturing 
Trawlb 
(a) 1979-80 
(i) 100 mm mesh 52.4 47.6 95.0 
(ii) 125 mm mesh 80.0 20.0 100.0 
(b) 1982-83 
(i) 15 mm mesh 78.4 10.8 10.8 C C 
Set Net 
(a) 1979-8ob 
(i) 178 mm mesh 3.9 96.1 45.8 
(b) 1982-83 
(i) 178 nun mesh 5.9 11.4 78.7 50.7 21.3 
a Contains maturing as well as mature fish· for 1979-80 samples. 







c Percentages not shown for these fish as the larger fish were tagged and 
returned to the water. This made it impossible to assess their maturity 













Maturity composition of 178 mm mesh set net catches throughout 1979-80 and 1982-83 seasons • .. , 
Nl.llllber of Fish Percentage Mature 
Males Females Males Females 
1979-8oa 1982-83 1979-8oa 1982-83 1979-8oa 1982-83 1979-8oa 1982-83 
29 11 93 64 
82 43. 10 21 98 86 50 43 
85 87 29 45 99 79 31 24 
34 47 10 8 100 92 50 38 
17 16 88 38 
3 52 15 · 108 · 67 67 60 29 
9 7 67 43 
1 6 30 57 100 100 90 23 
4 31 100 16 
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Figure 4.4 Perce~tage of mature male and female rig in 178 mm mesh set net catches from Pegasus Bay, 
November 1979 - February 1980 and November 1982 - April 1983. (Source of 1979-1980 data: 




4.4 SPECIES' CHARACTERISTICS 
4. 4 .1 Growth 
A. Adult 
Since no satisfa-ctory aging technique has yet been developed for 
this species, it is impossible to investigate the growth characteristics 
of adult rig very fully. The only feature which can be investigated is 
the length-weight relationship for each sex. 
The length and weight data show that rig increases exponentially 
with 1 ength . Thus the length-weight relationship is of the form, 
W = a Lb (4.1) 
where, 
w = green weight (kg) 
L ,:: total length (cm} 
a ,:: Y-intercept 
b = regression coefficient. 
If the length and weight variables are transformed using natural 
logarithms, then the relationship between the two transfonned variables 
becomes, 
Zn W = Zn a + b Zn L • (4.2) 
Since this relationship is linear, the values. of a and b may be determined 
by linear regression of lnW on ZnL. 
When the untransformed length and weight data were examined, it 
was found that both the male and female data sets are heteroscedastic1 • 
If this effect is not removed before the regression line is fitted, the 
estimates of a and b will be biased, as one of the assllillptions of linear 
regression is that the variance of Y is independent.of X. · Ordinary 
natural logarithm transformations do remove much of this bias, but it is 
possible to improve the homogeneity of the variance considerably by 
restating equation (2) as, 






+ b ( 4. 3) 
and then calculating the regression of Zn W /7,n L on 1/7,n L (Chatterjee 
and Price, 1977). Before the regression line is fitted, however, it is 
necessary to correct all recorded lengths by a factor of 0.5 cm. This 
is because fish were measured to the nearest centimetre below total length 
and are,therefore,on average 0.5 cm larger than the recorded lengths would 
indicate. 
A least squares regression of Zn W/Zn L on l/Zn L for male rig 
gives, 
ZnW = -11.827 + 2 _859 
inL in L 
(n = 185; s.e. 1 z.na = 0.312; s.e.b = 0.068; r = 0.942). 
The regression for female rig gives, 
Z.nW 
ZnL 
-13 • 198 + 3 .1 71 
ZnL 
(n = 153; s.e.m a= 0.323; s.e.b = 0.071; r = o.958). 
( 4. 4) 
(4.5) 
Using antilogarithms in these two equations, the relationship for male 
rig becomes, 
W = 7.305 X 1Q-6L2•859 ( 4. 6) 
with 95% confidence intervals for a and b of, 
3.939 x 10- 6 <a< 1.355 x 10-s 
and 
2.179 < b < 2.999. 
The relationship for female rig becomes, 
W = 1.855 X 10-6L3.171 ·( 4. 7) 
1 Standard error 
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with 95% confidence intervals of, 
9.788 X 10-? <a< 3.515 X 10- 6 -
and· 
3.031 < b < 3.311 • 
The regression coefficients of equations 4.6 and 4.7 are significantly 
different at the 5% significance level (z = 3.163; 0.001 <P< 0.002), as 
are the Y-intercepts (z = 6.189; P << 0.0002). Thus the relationship 
between length and weight is different in male and female rig. 
The estimate of a and b obtained for each sex, cannot be tested 
against the estimates obtained by Francis (1979) for Kaikoura rig, as no 
measures of variability are included with Francis' estimates. However, 
Francis found no significant difference between the regression coefficients 
for male and female rig (t = 1.45; d.f. = 190; 0.1 <P< 0.2). While the 
I-intercepts did differ significantly for Kaikoura rig (t = 143.2; d.f. = 
190; P << 0.001), it was found that the I-intercept for female rig was 
higher than the I-intercept for male rig. 
results obtained in this study. 
This is anomalous with the 
Although the correlation coefficients are large for each of the· 
regression equations, the l~ngth and particularly the weight were 
sometimes subject to considerable measurement error. Furthermore, there 
is a lot of natural variability between fish with respect to both of these 
variables. Under these circumstances, the predictive regressions just 
described are biased and they should not be used to predict the weight of 
a fish if the length is known. Ricker (1973) notes that the geometric 
mean regression is the best regression to describe a relationship where 
these conditions prevail. 
The geometric mean regression is of the form, 
y = u + vx (4. 8) 
where, 
v = b/r (4. 9) 
with, 
b = slope of predictive regression line, and 
r = correlation coefficient of predictive regression line. 
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Fitting the data from the predictive regression equations, it is found 
that the geometric mean regression equation for male rig is, 
W = 3. 355 X 10-6£3 • 035 (4.10) 
with 95% conftdence intervals for u and v of, 
2.917 X 10- 6 < U < 3.859 X 10- 6 
and 
2.949 < V < 3,121 • 
The geometric mean regression for female rig is, 
W = 1. 060 X 10-6£3 •310 (4.11) 
with 95% confidence intervals for u and v of, 
9.217 X 10- 7 < U < 1,220 X 10- 6 
and , 
3.226 < v.< 3.394. 
These equations may be used to predict the weight of a rig if the length 
is known. They cannot be tested for significance, however (Ricker, 1973), 
and hence predictive rJgressions are also performed. 
B. Embryo 
Since very few female fish were found with embryos in the size 
range 5- 25 cm, it is not possible to describe the length-weight 
relationship for embryonic rig. 
Rig appear to have a gestation period of between 10 and 11 months 
(Graham, 1956; Francis, 1979; Francis and Mace, 1980). Thus, although 
embryonic rig cannot be aged, i~ is possible to describe their growth 
through time by examining the relationship between embryo length and time 
of the year. Figure 4.5 shows the length-frequency distributions of 
embryonic rig for the November 1979-February 1980 and November 1982-
April 1983 periods. The lengths shown are mean lengths for all viable 
embryos in each litter. 
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Figure 4.5 Frequency distributions (1 cm size class) of mean embryo 
length for rig in Pegasus Bay, November 1979 - February 1980 
(unshaded) and November 1982 - April 1983 (shaded). 




(a) Length at maturity 
Since gill nets may be selective with respect to maturity (Hamley, 
1975), it is not possible to amalgamate all of the available set net data 
to estimate the length at which either male or female rig from the Pegasus 
Bay region become sexually mature. It is also not possible to combine 
the 1979-80 and 1982-83 set net data for any one mesh size, as the length 
of maturity may be density-dependent. The only data used to estimate 
the length at sexual maturity are, therefore, the 1982-83 178 mm mesh 
data. Table 4.6 shows the percentage of mature, maturing and immature 
male fish in this sample. 
(b) Gonad index 
In teleost fish, spermatozoa are usually discharged from the body 
when testis activity is greatest (Mizue, 1958 in Teshima, 1978). In 
two.Japanese Mustelus species, M. manazo and M. griseus, however, discharge 
occurs when testis activity is lowest (Teshirna, 1978). The different 
reproductive activity of these species is due to structural differences 
in the two male reproductive systems (Teshima, 1978). 
Since discharge only occurs during mating, the timing of mating 
may be inferred from information on testis activity if the structure of 
the male reproductive system is known. Testis activity may be monitored 
by examining changes in gonad index, where 
Gonad index(%) = weight of testes (g) 
weight of fish (g) x 100. 
Table 4.7 shows the gonad index of males taken from Pegasus Bay 
during 1982-83 and from Kaikoura during 1978-79. 
B. Female 
(a) Length at maturity 
Table 4.8 shows the percentage of mature, maturing and immature 
female fish in the 1982-83 178 WJn mesh set net sample. 
Table 4.6 Sexual maturity pf male rig caught in 178 mm mesh set nets 
in Pegasus Bay. November 1~82-April 1983. 
Length Number of Percentage of each M~turity 
(cm) Fish Immature . Maturing Mature 
71 1 100 
73 2 100 
75 1 100 
76 2 100 
77 1 100 
78 1 100 
79 1 100 
81 1 100 
82 2 so so 
83 3 33 67 
84 1 100 
85 8 75 25 
86 3 33 ·33 33 
87 3 67 33 
88 9 11 33 56 
89 3 67 33 
90 9 11 89 
91 16 19 81 
92 11 18 82 
93 15 13 87 
94 16 25 75 
95 9 100 
96 13 100 
Note: (a) 4 fish which were shorter than 70 cm are not shown; all 
were immature. 135 fish longer than 96 cm are also not 
shown. One 105 cm fish and one 112 cm fish were 
immature, but all others were mature. 
(b) Table contains some rounding errors. 
Table 4.7 Gonad index of male rig caught in Pegasus Bay, 1982-83 
and at Kaikoura, 1977-78. 
Gonad Index(%) 
Month Number of Fish Pegasus Bay Kaikouraa 
Pegasus Bay Kaikouraa Mean S.E. Mean S.E. 
Sep 4 1.09 0.09 
Oct 4 0.83 0.13 
Nov 17 9 0.65 0.04 0.97 0.03 
Dec 53 6 0.85 0.02 0.99 0.07 
Jan 13 1 0.79 0.04 1.17 
Feb 2 20 0.81 0.13 0.98 0.04 
Mar 6 1.09 0.06 
Apr 2 1 0.94 0.06 1.25 
-
a Source: Francis, 1979 
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Table 4.8 Sexual maturity of female rig caught in lr8 mm mesh set 
nets in Pegasus Bay, November 1982 - April 1983. 
Length Number of Percentage of each Maturity 
(cm) Fish Immature Maturing Mature 
90 9 89 11 
91 7 100 
92 7 71 29 
93 1 5 100 
94 8 88 13 
95 8 88 13 
96 11 82 18 
97 10 80 10 10 
'98 9 44 33 22 
99 6 so 50 
100 5 20 60 20 
101 14 50 36 14 
·102 10 30 30 40 
103 19 16 63 21 
104 11 9 45 45 
105 14 14 57 29 
106 8 38 63 
107 1 100 
108 8 63 38 
109 11 100 
110 9 100 
Note: (a) 30 fish shorter than 90 cm, are not shown; one 86 cm fish 
and one 89 cm fish were maturing, but all others were 
immature. 12 fish longer than 110 cm are also not shown; 
one 111 cm fish and one 113 cm fish were immature, and 
one 112 cm fish was maturing, but all others were mature. 
(b) Table contains.some rounding errors. 
(b) Reproductive cycle 
82 
To determine the overall timing of the female reproductive cycle, 
all relevant data obtained during the 1982-83 season are treated 
together. Ninety percent (n. = 70) of this data came from 178 mm mesh 
set net catches, with tqe remaining 10% being collected from fish caught 
in 165 mm mesh nets. 
Table 4.9 shows the percentage of fish in each reproductive phase 
for the November 1982 -April 1983 period. Three virgin fish are not 
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shown. Three fish which contained only non-yolked eggs are also not 
shown, as it is not possible to determine when these eggs were released 
into the uteri~ Thus the percentages shown in the table are percentages 
of the fish that were, or had been, pregnant and for which it was 
possible to determine the phase of the reproductiv~ cycle. Table 4.10 
shows the percentage of mature female rig in each reproductive phase for 
samples taken at Kaikoura and Nelson. The values are again percentage·s 
of the fish that were, or had been, pregnant; the two seasons' data for 
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Reproductive Phase (%)a 
Full-term Post- Recently 
embryos parttnn ovulated 
12.5 25.0 62.5 
19.0 28.6 42.9 
9.5 . 4.8 28.6 
o.o 25.0 25.0 








a Percentage of mature female fish which were, or had been, pregnant 
and for which it was possible to determine the phase ·of the 
reproductive cycle. 
While the data on the female reproductive cycle were being 
collected, it was noticed that only large female rig were ever pregnant 
with full-term embryos. Furthermore, it was noted that nearly all 
large female rig were pregnant with full-term embryos. This suggested 
that large female rig may give birth and mate .later than small female 
rig. Table 4.11 shows the percentage of each size class of mature 
females that contained recently ovulated eggs or young embryos, the 
percentage. that had recently given birth to a litter but had not yet 
ovulated a new set of eggs. The six fish not included in Table 4.10 
are also excluded from Table 4.11. 
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Table 4.10 Percentage of mature female rig in each reproductive phase 
(Kaikoura, 1977-79 and Nelson, 1978-79)a. 
Number of Reproductive Phase (%)b Month Fish Full-term Post Recently Yolked 
embryos partum ovulated embryos 
Kaikoura 
Sep 7 0.0 0.0 100.0 o.o 
Oct r 15 0.0 13.3 86.7 o.o 
Nov 36 8.3 2.8 88.9 o.o 
Dec 20 - 5.0 20.0 so.a 40.0 
Jan 12 8.3 0.0 50.0 41. 7 
Feb 13 0.0 7.7 38.5 53.8 
Mar 15 0.0 13.3 13.3 73.4 
Apr 30 o.o 10.0 0.0 90.0 
May 2 o.o 0.0 0.0 · 100.0 
Nelson 
Oct 5 o.o 0.0 100.0 o.o 
Nov 21 14.3 4.8 4.8 76.2 
Dec 10 o.o 10.0 10.0 80.0 
Jan 26 o.o o.o 0.0 100.0 
Feb 13 o.o 0.0 o.o 100.0 
Mar 10 o.o o.o o.o 100.0 
Apr 1 o.o o.o o.o 100.0 
a Source: Modified from Francis ana Mace.(1980) 
b Percentages of mature female fish which were, or had been, pregnant 
and for which it was possible to determine the phase of the 
reproductive cycle. 
Table 4.11 Percentage of each size class of mature female rig in 
full-term, post-partum·and recently ovulated or yolked 
embryo reproductive phases. 
Size Class Number of Reproductive Phase (%)a 
(cm) Fish Full-term Post- Recently ovulated 
embryos partum or yolked embryos 
~ 100 6 o.o 16.7 83.3 
101 - 110 41 2.4 19.5 78.0 
110 - 120 13 0.0 38.5 61.5 
~ 121 6 100.0 o.o o.o 
a Percentages of mature females which were, or had been, pregnant and 




Reproductive failure and fecundity are also examined using all of 
the set-net data collected during the 1982-83 season. 
Since reproduction may fail at one of several stages in the female 
reproductive cycle, it is difficult to determine the relationship between 
the size of the female and the number of viable offspring. Embryos must 
be large enough to make the possibility of further members of the litter 
becoming inviable, small, and they must be less than full-term size,as 
if full-term embryos are present then there is a possibility that some 
young have been born already. The limits of this range are not known. 
Even a measure of the total number of mid-term embryos is difficult to 
obtain as very few female fish were found to contain embryos in this 
range. Similar difficulties have been encountered in other studies. 
The only relationshi~ which can be investigated, therefore, is that 
between the size of female rig and the total number of ovulated· eggs 
(excluding non-yolked eggs). To investigate this relationship, it is 
necessary to exclude fish which have not finished ovulating and fish which 
contain full-tenn embryos; including these fish would lead to errors by 
underestimating the true relationship. 
Although the appropriate sample is still of a reasonable size 
(n = 33), the data do pose problems. The first is tl.at the data are 
highly variable. The second is that most of the observations occur 
over a very narrow length range. Only 24% of the observations are from 
fish longer than 110 cm and only 9% are from fish longer than 115 cm. 
Since the length-fecundity relationship is exponential, the observations 
from large fish are very important. 
In view of these two factors, it is considered impracticable to 
fit a regression line to the data. The data are shown in Figure 4.6, 
however, along with the 1 ength-f ecundi ty (mnnber of uterine eggs or 
embryos) relationships which have been calculated for rig iri the Nelson 
and Kaikoura regions. 
Of the 53 fish that contained eggs or embryos during the sampling 
programme, 64.2% contained one or more non-yolked eggs. The largest 
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Figure 4.6 Length-fecundity relationship in rig from Pegasus Bay, 
November 1982 - April 1983. Asterisks denote more than one 
fish. (Source of Nelson and Kaikoura regression lines: 
Francis and Mace, 1980). 
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reproductive events1). Of the fish which had finished ovulating and 
which contained embryos smaller than full-term size (n=33), 63.6% 
contained non-yolked eggs. The largest ntnnber of non-y~lked eggs found 
in one of these fish was five (out of a total of six reproductive events) 
and the mean number was 1.03 (s=l.13). Of a total of 199 reproductive 
events in these fish, 34 (17.1%) were non-yolked. 
To test whether there is any significant difference between the 
I 
number of non-yolked eggs and ~he size of fish, the regression of number 
of non-yolked eggs on fish length was calculated. A least squares 
regression showed that there was no significant relationship between the 
two variables (t = -0.146; d .• f. = 31; P »0.5). Since fecundity increases 
exponentially with length, this suggests that the proportion of total 
reproductive events which are non-yolked, decreases ~n larger fish. When 
the regression of percentage of reprodu;tive events which were non-yolked 
-on fish length was calculated, however, the relationship was also not 
significant (t=l.471; d.f. =31; O.l<P<0.2). It is concluded, 
' 
therefore, that there are too few data to ascertain a relationship. 
It is also difficult to determine whether the.mean percentage of 
reproductive events that are non-yolked, is the same in those fish which 
have finished ovulating and are carrying less than full-term embryos, as 
it is in the fish which have not finished ovulating •. If this could be 
determined, it would.indicate whether non-yolked eggs are more or less 
prevalent among the last eggs which are ovulated. In the data set 
containing the fish which had not finished ovulating, however, 2 or 3 
fish were found to contain very high numbers and proportions of non-yolked 
eggs. These f~sh appear to exert a large influence on the outcome of the 
test. If they are left in the data and the test is performed, then the 
difference between the. two means is highly significant (t = 8.513; d.f. = 46; 
P << 0.001). If these data (and one outlier in the other data set) are 
removed, then the difference between the means is not significant at the 
5% significance level ('t=l.009; d.f. =46; 0.2<P<0.4). Thus, no 
conclusions can be drawn. Observation suggests, however, that non-yolked 
eggs are not more prevalent towards the end of ovulation. The non-yolked 
eggs appeared to occur randomly throughout the uteri.· 
1 A reproductive event is defined as any uterine occurrence, i.e., a non-
yolked egg, a non-developing egg, an inviable embryo or a viable embryo. 
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To obtain an accurate estimate of the frequency with which eggs 
fail to·develop, it would be necessary to examine a large number of fish 
containing embryos longer than 5 cm but less than full-term size. 
Unfortunately, very few of the fish (only four of the 72 mature females 
examined) contained embryos in this size range. All four of these fish 
contained non-developing eggs, however. Of the 44 eggs or embryos present 
in these females, six (13.6%) had failed to develop. When t~e females 
containing full-term pups are included, it is found that eight (80%) of 
the females contained non-developing eggs. 
It is also impossible to determine the rate or size at which embryo~ 
become inviable during development. The smallest inviable embryo observed 
in this study was 9 cm and the largest was 24 cm. Of th~ eight females 
containing embryos longer than 9 cm, four (50%) cont~ined inviable embryos. 
One female (T) contained 16 inviable embryos (out of a total of 
17 reproductive events), but all others contained less than five. The 
total .number of inviable embryos (excluding female T) was eight, or 8.8% of 
the total number of embryos. The mean number of inviable embryos 
(excluding female T) was 1.1 (n = 7; s = 1. 68) per fish. The proportions of 
inviable male-and female embryos were not significantly different from the 
expected 1:1 ratio at the 5% significance level (X2 = 0.50; d.f. = 1; 
0. 25 < P < 0. 5) • 
(d) Embryos 
A total of 81 embryos were sexed in this study, 43 (53.1%) of which 
were females. The observed ratio of males and females did not differ 
significantly from the expected ratio of 1:1 at the 5% significance level 
(X2 =0.31; d.f.=1; 0.25<P<0.5). The mean lengths of male and female 
embryos and the mean weights of male and female embryos did not differ 
significantly at the 5% significance levels (t = 1.309; d.f. = 25; 0.2 <P< 0.4 
and t=l.905; d.f. =25; O.OS<P<0.1). The largest embryo was 32 cm long. 
4.5 DISCUSSION 
4.5.1 Catch Composition 
Since the trawl samples are small, it is necessary to be cautious 
when interpreting them. The length-frequency distributions suggest that 
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there are some major differences between the composition of trawl and set 
net catches, however. 
Trawl catches appear to contain many smaU immature fish. Very 
few of the males and females sampled from any of the trawl catches were 
longer than 100 cm, and fish longer than 110 cm were rare. For this 
reason, the majority of fish were immature, although the earlier maturation 
of males does result in a considerably larger proportion of mature males 
being caught. S~nce trawlers generally appear to catch small fish, the 
maturity composition of the catch is unlikely to change greatly over a 
season. 
The small proportion of large fish in trawl catches suggests that 
larger fish are able to avoid capture. This would seem to be quite 
possible as rig have a ~ell-developed lateral line system and they are 
powerful swimmers (Francis, 1979). 
Although the sample sizes are small, the results are consistent 
-~ 
with other data on trawl catches of rig. Large samples of rig taken from 
trawi ·catches in the Hauraki Gulf and on the west coast of the North Island, 
were also conspicuously lacking in large fish, e~en though large fish are 
thought to have been reasonably abundant at the time that these samples 
were taken (Francis, 1979; M. Francis, pers. comm.). 
In contrast to trawl catches, set net catches were composed of much 
larger fish. Consequently, a much greater proportion of the fish taken 
in set nets was mature. There are some notable differences between the 
length composition of male and female samples. 
Very few of the males sampled from set net catches were shorter 
than 80 cm and only 17% were shorter than 90 cm. Similarly, only a small 
proportion of the males were longer than 110 cm, with the maximum recorded 
size being 119 cm. This compares closely with the maximum sizes of males 
observed at Kaikoura (114 cm) and Nelson (115 cm) (Francis and Mace, 1980) 
Since nearly all of the fish were mature at 90 cm, the- vast rnaj ori ty of 
male fish sampled was mature. 
As with the male set net sample, very few of the female fish from 
set nets were less than 80 cm long. A larger proportion of female fish 
was greater than both 100 cm and 110 cm, however. Overall, the mean size 
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of females was significantly larger than the mean size of males (t = 2. 03; 
d. f. = 509; O. 01 < P < ·o. 25) • Furthermore, seven female fish (2. 2% of the 
female sample) were longer than the largest male, with tne longest female 
being 136 cm. This indicates that female rig grow to a.larger size than 
males, as, if larger males had been present, they would be expected to be 
caught along with the large females. The longest female rig recorded in 
Pegasus Bay, was of a similar size to that recorded at Kaikoura and Nelson. 
The·largest female fish observed at Kaikoura was 137 cm and the largest 
/ 
observed at Nelson was 129 cm (Francis and Mace, 1980). 
Although a larger proportion of the female fish was longer than 
100 cm, fewer caught in set nets in either. 1979-80 or 1982-83 were mature 
because females mature at a larger size than males. Very few of the female 
rig were mature at 100 cm; overall, only about 30% of the female fish from 
178 mm mesh set nets in 1982-83 were fu]ly mature. 
Figure 4.4 shows that there are also some notable differences in 
the way that the maturity composition of male and female samples changed 
throughout the season • It also shows some significant differences between . 
the two seasons examined. 
In the 1979-80 season, the percentage of males that were mature1 
remained approximately constant throughout November and December and then 
dropped off markedly in January. This same trend appears to have occurred 
in the 1982-83 season, but on the whole there were slightly .fewer mature 
males. The proportion of mature male fish in late January is very similar 
for the two years, however. Sample sizes are too small to interpret the 
February and April results, but it is possible that the percentage of 
mature males may increase again in these months. 
The female data are more difficult to interpret. Even when there 
are moderately large samples covering the same period (e.g., 15-28 Feb), 
the proportions of mature fish may vary widely. The proportion of mature 
female fish in samples fluctuated widely in 1979-80, but it seems to have 
shown an overall increase between the end of November and the beginning 
of February and then increased sharply in late February. In 1982-83, 
there seems to have been a sharp drop throughout November at least, and 
then a further steady decline throughout the rest of the season. Since 
1 Percentages of fish that were mature are hereafter referred to as the 
percentage or proportion of mature fish. 
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female sample sizes are on the whole low in both seasons, it is difficult 
to draw any significant conclusions. The observed discrepancy could be 
due to real differences in the proportion of mature female fish in 178 nun 
mesh set net catches in each of these two seasons, or it.could simply be 
an artifact of sampling. 
When the length, sex and maturity composition data are considered 
together, it is seen that the composition of 178 mm mesh set net catches 
changes markedly throughout the season. 
Although no data are available for October, nearly all fish caught 
during early and middle October are mature females (G. Morris, D. Timbrell, 
pers. comm.). The proportion of males must increase rapidly during late 
October, however, as by early November, catches appear to consist mainly 
of mature male fish. This persists throughout November and December. 
The proportions of mature male and female fish both remain approximately 
constant over this period. The percentage of mature female fish seems 
to have decreased markedly during this time in 1982-83. 
During January, there is another very large change in the sex 
composition of catches. While males comprised about 85-90% of the catch 
during the latter half of December in the two seasons examine~, they only 
comprised approximately 15-30% of the catch during the latter half of 
January. Although the samples are too small to allow positive conclusions 
to be drawn, these male fish may be mainly mature. 
While female fish are again as dominant in January as they are 
said to have been in October, it seems that a smaller proportion of mature 
females are.present in January. As noted, however, there are large 
differences between the two seasons which are difficult to interpret. 
Nevertheless, about half of the January 1980 females were immature and 
about 70% of the January 1983 females were immature. Thus, January 
catches appear to be mainly composed of immature females. 
The 178 nun mesh set net catche~ from February through to the end 
of the season appear to be almost entirely composed of female fish. 
During 1980, many of these female fish were mature, but during 1983, the 
great majority were not fully mature. The differences between these two 
seasons could be real or they could again be an artifact of sampling. As 
few samples were taken during this period· in either year, it would be 
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unwise to draw any finn conclusions. It is noted, however, that the 
female fish being caught during these months in 1983 were not small 
immature fish. Most were about 100-105 cm long and most had just begun 
maturing. 
During the 1982-83 set net season, monthly set net catches were 
greatest between November and January. In order of decreasing importance, 
the three most important months were December, January and November. 
These three months accounted for about 80% of the total set net catch. 
Furthermore, the November-December period accounted for approximately SS% 
of the total. The periods before November and after January accounted 
for approximately 5% and 15% of the total set net catch respectively. 
Since the great majority of the set net catch_is taken in 178 mm 
mesh nets, it seems reasonable to use this and the previous data to 
estimate the overall catch composition of the Pegasus Bay set net fleet 
in 1982-83. The figures must be regarded as only very approximate, but 
they are nevertheless useful. 
If it is assumed-that: 
(i) the average proportions of males taken, (1) before November; 
(2) between November and December, (3) in January, and 
(4) after January, are 10, 75, 30 and 10% respectively; 
(ii) the average percentage of males that are mature in these 
four periods are 80, 90, 75 and 100% respectively; and 
(iii) the average percentage of females that are mature in these 
four periods are 80, 40, 30 and 20% respectively, 
then it is possible to determine the proportion of the total set net catch 
that was composed of males and the proportion that was composed of females. 
It is also possible to detennine the proportion of each sex that was 
mature. Finally, it is possible to determine the proportion of the total 
set net catch that was composed of fish that were male and·rnature, male 
and not fully mature, female and mature, and female and not fully mature. 
These data are shown in Table 4.12. 
It is seen from this table t~at the set net fleet probably took 
about equal quantities of males and females in 1982-83 season. While 
approximately 90% of the males were probably mature, only 37% of the females 
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were. The set net part of the fishery appears to be based, therefore, 
on mature male fish and to a lesser extent, immature and maturing female 
fish. 
Table 4.12 Estimated catch composition of Pegasus Bay set net fleet. 
Catch Composition(%) 
Sex Total Catcha Each Sex 
Sex Immatureb Mature Immature0 Mature 
M 51 5 46 9 91 
F 49 31 18 63 37 
a Example of how to read 'Total Catch' data: 5% of total set net catch 
is composed of immature male fish; 51% of total set net catch is male. 
b Immature defined for this table, as not fully mature. 
Too few data are available to quantitatively determine the overall 
catch composition of the rig fishery. The trawl data are insufficient, 
and monthly trawl catches are not available. Furthermore, the relative 
proportions of the total catch taken by trawlers and set nets for the July 
1982-June 1983 year are unknown. Since approximately 70% of the total 
calendar year rig catch has been taken by set net during the last two years, 
however, it would seem that the fishery is primarily based on immature and 
maturing females, and mature males. A significant proportion of the total 
catch is also likely to consist of immature or maturing males. 
mature female fish are expected in the catch. 
4.5.2 Species' Characteristics 
Very few 
The length-weight regressions reported in section 4.4.1. indicate 
that the morphometric differences between males and females are significant 
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enough to influence the length-weight relationship. In the samples, 
small males were heavier than small females of the same length, but weight 
increased more rapidly with length in the female fish. 
differ from those obtained by Francis (1979). 
These results 
Since morphometric differences are likely to be greater after 
sexual maturity, the·estimates of the two regression constants will be 
influenced by the length distributions of the data, relative to the length 
I 
at maturity. If the female data set contains many immature fish and the 
male data set contains very few, then the regression constants may not 
describe the differences between the male and female length-weight 
relationships accurately. This, I would suggest, is one factor which has 
led to different results in the two studies. There are marked differences 
between the distributions of the male and female data points in each of 
the studies. Furthermore, males and f~males appear to mature earlier at 
Kaikoura than in Pegasus Bay. A more detailed analysis would be required 
to de~ermine the true relationship accurately. It is noted, however, 
that full-term male·and female rig have insignificantly different mean 
lengths and mean weights in the Pegasus Bay .sample. Thus the morphometric 
# 
differences influencing the relationship probably arise after birth. 
Most male rig in the Pegasus Bay region seem to mature between a 
length of 88 and 90 cm. Very few male rig less than 88 cm long were 
mature. Over 60% of the 88 cm size class were mature, however, and mature 
fish comprised at least 80% of the fish in nearly all size classes greater 
than 89 cm. Only two fish greater than 94 cm in length were not fully 
mature. 
The length at which male rig begin to mature seems to differ 
considerably between fish. The shortest male that had begun to mature was 
77 cm; the longest male that had not begun maturing was 112 cm. The mode 
of the percentage of maturing fish in each size class, occurred at 84-85 cm. 
This would seem to be reasonably consistent with the estimate of length at 
~ 
maturity. 
Table 4.8 shows that female length at maturity is highly variable. 
On the whole, however, it appears that most female rig mature at a length 
of about 106-109 cm. While quite a number of females smaller than this 
were mature,. they did not usually constitute a large percentage of the size 
class. In contrast, very few fish longer than 109 cm were not fully mature. 
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The length at which female rig begin maturing also varies. The 
shortest female that had begun maturing. was 92 cm, and the longest female 
that had not begun maturing was 113 cm. A large number.of fish had not 
begun to mature by the time they were 101-103 cm long. The mode of the 
percentage of maturing fish in each size class occurs at approximately 
103-105 cm. This seems to be reasonably consistent with the estimate of 
length at maturity. 
The estimates obtained for male and female length at maturity in 
Pegasus Bay differ from those obtained for males and females at Kaikoura 
and at Nelson. Male rig at Nelson probably mature at less than 82 cm, and 
Kaikoura males mature at about 85 cm (Francis and Mace, 1980). Females at 
Nelson are mature at about 85 cm and at Kaikoura they are mature at 
approximately 95 cm (Francis and Mace, 1980). Thus, length at maturity 
seems to increase with increasing latit~de. It seems to increase more 
rapidly with latitude in females than in males. 
The timing of the reproductive cycle for Pegasus Bay females appears 
very similar to that for Kaikoura females. Most of the mature females . 
caught in November contained recently ovulated eggs with lesser numbers 
being in the post-partum or full-term embryo phases. By January, most 
mature females were in the yolked embryo phase. Some females still 
contained recently ovulated eggs, however, and some had not yet, or had 
only recently, given birth. No females contained full-term embryos after 
January, but some had still not ovulated a new set of eggs by April. 
Nelson females seem to give birth and mate earlier than either Kaikoura 
o~ Pegasus Bay females. While none of the females contained yolked 
embryos by November at Kaikoura or in Pegasus Bay, 76.2% of Nelson females 
did. 
Although most Pegasus Bay females probably ovulate during spring, 
it is clear that some females may not ovulate until late summer. It 
would appear from Table 4.11, however, that this variation is not random. 
It is unlikely that the obse~ved differences between the size intervals 
are due to changes in the size distribution of mature female fish 
throughout the season, as the mean size of females in the November-January 
and February-April periods did not differ significantly at the 5% level 
(t=l.88; d.f. =274; O.OS<P<0.1). Thus, the time of birth and ovulation 
seems to be. progressively later in larger fish. This suggests that the 
reproductive cycle is a little longer than 12 months. If the gestation 
period is 11 months (Graham, 1956; Francis and Mace, 1980), then the 
resting period between pregnancies could be a little longer than four 
weeks. 
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Since the gonad index data cover only a short time span, it is 
impossible to confinn the timing of the female reproductive cycle with 
infonnation from the male reproductive cycle. If the structure of the 
male reproductive organs is the same for rig as it is for the two Japanese 
I 
MusteZus species, then the gonad index would be expected to decrease over 
the summer months. This is not detectable in either Kaikoura or Pegasus 
Bay fish. 
Although the length-fecundity (number of uterine eggs or embryos) 
relationship for Pegasus Bay females was not able to.be calculated, the 
data do seem to conform closely to the relationship calculated for 
, 
Kaikoura females. If the observations for females containing full-term 
embryos 1 are visualised on Figure 4.6, then I believe that it is reasonable 
to assume that the gradient of the Kaikoura curve would closely approximate 
that of the Pegasus Bay curve. Since no significant difference was 
evid~nt between the gradients of the Nelson and Kaikoura curves (t = 1.878; 
d.f. =143; 0.0S<P<0.1) (Francis and Mace, 1980), the gradient for the 
Nelson curve would probably also approximate the gradient of the Pegasus 
Bay curve. It seems unlikely, however, that the Y-intercept of the Nelson 
regression line would app~oximate that of the Pegasus Bay regression line. 
The Y-intercept of the Kaikoura curve may also be a little higher (though 
not necessarily significantly higher) than the Y-intercept for the Pegasus 
Bay curve. These differences (if significant) could very well be due to 
the differences in female length at maturity noted previously. 
It is difficult to draw conclusions on the rates of reproductive 
failure in Pegasus Bay females during and after ovulation. No baseline 
reproductive failure data exist for this area, and so it is impossible to 
detennine whether the values obtained are typical of other years. 
Furthermore, sample sizes are too small to allow valid comparisons with 
the Nelson and Kaikoura data. The proportion of total reproductive 
events that are non-yolked appears to be very high, however. The 
proportion was also high at Kaikoura (13. 790; ri = 615) and Timaru (12%; 
1 One 110 cm female contained 2 embryos, one 128 cm female contained 19 
embryos, one 130 cm female contained 7 embryos, one 135 cm female 
contained 24 embryos, and one 136 cm female contained 19 embryos. 
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,n = 241) in November and December 1982 (MAF, unpubl. data). M. Francis 
(pers. comm.) does not remember it being this high at Kaikoura in 1977-79. 
As very few females with mid-term embryos were found during the 
sampling programme, it i? difficult to detennine the overall rate of 
embryonic growth. For any one month, however, embryos appear to be of a 
similar length in Pegasus Bay as at Kaikoura. They are generally much 
smaller in any one month than the embryos in Nelson females. This is 
I . 
readily explained by the differences in the timing of the reproductive 
cycle of the two groups of females. 
Litters of full-term embryos are not fqund to contain significantly 
different proportions of male and female embryos, and the mean lengths and 
mean weights of viable male and female embryos are also not significantly 
different in the litters examined. There seems no reason to believe, 
theref-0~e, that one sex would sur,yive any better than the other after 
birth. If they are both equally fit in the environment, then juvenile 
males and juvenil_e females would be expected to be equally abundant in 
the population. 
5.0 ECONOMIC AND FINANCIAL ANALYSES 
5.1 INTRODUCTION 
For many years, fisheries management was regarded as a biological 
discipline (Mitchell, 197-9). Management agencies were dominated by 
biologists, many of whom had little appreciation of the importance of 
economic considerations and objectives. In hindsight, this seems 
remarkable, as commercial fishing is actually undertaken for economic 
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reasons. One reason for the dominance of biological objectives in early 
fisheries management programmes, however, is that the economic theory of 
fisheries was very late developing. It was not until.1953 that an 
economic model explaining the underlying causes of excess fishing capacity 
and over-exploitation in open-access fisheries was formulated. 
The simplest model used in fisheries economics is the static 
economic model. This model was first developed by Gordon (1953) and it 
is still widely used today. 
The model is based on the bell-shaped biological production function 
which relates the equilibrium yield from a single-species fishery, to the 
effort applied in that fishery. A simplifying assumption of the model is 
that the unit price of the fish and the unit cost of fishing effort 
(including the opportunity costs of the capital and entrepreneurship), 
remain constant. Thus, the total revenue curve has the same shape as the 
biological production function, and the total cost curve is a straight line 
(Anderson, 1977). The long-run relationship between effort, total revenue 










Static economic model of a single-species fishery (after 
Anderson, 1977). 
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Whenever the total value of a yield is greater than the total costs 
of harvesting, a fishery will yield a net economic surplus. This surplus 
is referred to as the resource rent or economic rent. The economic 
optimum occurs, therefore, when the rent is maxi~ised, i.e., at effort E1 
in Figure 5.1. At this level of effort, resources are optimally allocated 
in the fishery, as the value of the last unit of fish caught, just balances 
the cost of providing the fish (Anderson, 1977). 
I 
In an unregulated fishery, any rent which the fishery yields will 
accrue to the fishing enterpriser as excess profit (profit over and above 
the minimum returns to' capi~al and entrepreneurship). If entry is not 
restricted, these-profits will attract new entrants to the fishery. New 
entrants will continue to be attracted until the earnings from a fishery 
are no greater than the costs of production. At thi~ point, the fishery 
reaches what is known as the bionomic equiZibriwn, and all potential rent 
is dissipated. The fundamental economic problem in fisheries management, 
therefore, is that whenever a fishery is exploited as common property, any 
economic rent will induce fishing effort to expand beyond the point 
required to harvest the resource efficiently and eventually to the point 
where the fishery is yielding no economic surplus (Pearse, 1980). 
Economic assessments of a fishery provide information on resource 
allocation, individual profitability, and the cost structure of the 
fishery (Rutherford et aZ., 1967; Campbell, 1969; Morse, 1971). They can 
also provide valuable infonnation on the consequences of any management 
proposal, particularly regarding income maintenance, employment and the 
distribution of costs and benefits (Ovenden, 1961; Gulland and Robinson, 
1973; Crutchfield> 1975; Smith, 1977). The basic data required to undertake 
an economic assessment of a fishery comes from costs and earnings studies. 
Costs and earnings studies are, therefore, vital for a more practical 
understanding of the fishing industry's catching sector (Campbell, 1969). 
The costs and earnings analysis presented in this study is similar 
to recent studies undertaken by the NZFIB (e.g., NZFIB, 1982). The 
purpose of the analysis is to describe the financial and economic state 
of the fishery in the 1982-83 season. The financial analysis focuses on 
the profitability of the fishery, while the. economic analysis examines the 
economic efficiency of the fishery. The costs and earnings data fre also 
used in other parts of the study to examine the implications of some 
possible management strategies. 
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5.2 SURVEY METHOD AND RESPONSE 
The financial data used in the following analyses were collected 
through a survey of the commercial set net fishermen late.in 1983. The 
survey is shown in Appendix 4. Since the fishery is small, it was 
possible to survey the entire fleet. All but one1 of the set net fishermen 
who had recorded rig landings on their MAF fishing return fonns were, 
therefore, approached about providing infonnation on their fishing operation. 
Most of the surveys were delivered personally. This enabled me to 
go through the survey with the fishermen to ensure that.it was clearly 
understood. It was also felt that this approach would encourage a higher 
response rate than. if the survey was simply posted out. Personal 
interviews were not always convenient, however, and so some surveys had to 
be sent out in the post. 
According to MAF records, 30. set net vessels_ caught rig in Pegasus 
Bay during the 1982-83 season. Of the 29 fishermen who could be contacted, 
20 had the surveys delivered personally and nine received them in the mail. 
Altogether, 24 responses were received. This represented 83% of 
the total survey population. Four of the remaining five fishermen agreed 
to send in their survey form, but the replies were not received. The 
response rate for each of the three groups of fishermen identified in 
section 2.3.3 is summarised in Table 5.1. 
Table 5.1 Survey response rate. 
Number of Operations Number of Responses 
Group Total Survey Suitable for 
population population Total analysis 
A 5 5 4 4 
B 10 10 9 7 
C 15 14 11 3 
TOTAL 30 29 24 14 
1 This fisherman could not be contacted. 
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Many of the replies are not able to be used in the analyses as they 
contain no, or insufficient, financial data. In most cases these replies 
came from Group C fishermen who did not treat fishing as~ financial 
enterprise. These replies do, nevertheless, yield valuable infonnation on 
other aspects of the respondent's operation. 
The sample size used in the.analyses, is regarded as satisfactory in 
all cas~~- In Groups A and B, the samples represent 80% and 70% of the 
total population respectively. Although the sample size is only three in 
Group C, this represents the majority (60%) of the fishing operations which 
were actually target fishing for rig, and which were treated as a financial 
enterprise. The analyses on Group C operations only examine the 'low key' 
rig fishermen's operations therefore (see section 2.3.3). They will not 
provide any· infonnation on the set net fishermen who did not target fish for 
rig. Since most Group C fishermen have.now been excluded from the fishery 
as a result of the first national effort reduction step, these analyses are 
included for interest only. 
The data used in the analyses are of variable quality. Some surveys . 
had been filled out very accurately while others had not. The information 
is still considered to provide a fair indication of each population's 
overall performance, however, as the data are regarded as being accurate 
enough for the purposes intended. Furthennore, each of the samples appear 
to be typical of their r0spective populations . 
5.3 FINANCIAL ANALYSIS 
5,3.1 Methodology 
All costs and earnings data used in both the financial and economic 
analyses are sample means. Some of the data (cost data in particular) 
that each group of fishermen provided, show wide variations from one 
operation to the next. Wages, for instance, are zero where a partnership 
arrangement existed, but a major cost in all other operations. For this 
reason, the mean value of· a cost may not be typical of any one of the 
fishermen's costs. It is simply an 'average' for the group. 
Bearing this in mind, the analyses are performed using the following 
infonnation and assumptions. 
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(i) Repairs and maintenance 
Fishermen were not required to itemise fixed and variable, vessel 
repair and maintenance costs, separately, on the survey form. The 
relative proportions of fixed and variable costs-for these two expenses 
are assessed in accordance with NZFIB estimates. For.displacement hulls, 
.fixed repairs and maintenance (those on the hull and superstructure) are 
assumed to represent 33% of the total repairs and maintenance bill. 
Variablfr repairs and maintenance (those oh the engine and deck machinery) 
are asswned to account for the remaining 67%. For planing hulls, these 
expenses are assumed to be 20% fixed, and 80% variable. 
maintenance (a variable cost) were itemised separately. 
(ii) Shore expenses 
Net repairs and 
Shore expenses were probabl°y the most difficult expenses for 
fishennen to assess. Their estimate should have included sue~ things as 
onshore vehicle expenses, wharfage, license fees, NZFIB levies, and wholesale 
handling fees. It should have also included any accountancy or legal fees 
and telephone bills associated with their fishing operation. These 
expenses will have almost certainly been underestimated in all of the 
surveys. Nevertheless, using the estimates provided, shore expenses are 
assessed at 80% variable (primarily vehicle expenses), and 20% fixed 
(e.g., administration and wharfage). 
(iii) Insurance 
This is another cost which varies widely, as not all fishermen 
had their vessels insured. For Group A operations, the insurance cost 
is divided between this. and the other fisheries which the fishermen 
participated in, in accordance with the time spent in each fishery. It 
is assumed that the fishermen spent an average of 14 weeks in the rig 
fishery during the 1982-83 season. The insurance figure used in the 
Group A analysis is, therefore, 14/52 of the total annual insurance bill. 
Group Band C operations have the entire insurance bill charged to the rig 
season, as these vessels were not used outside this period. 
(iv) Interest 
The same procedure as was used for insurance is again used in the 
interest calculations. Group A vessels have·the cost split prop9rtionately 
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between the different fisheries, while Group· Band Group C operations have 
the whole bill charged to the rig season. 
(v) Depreciation 
Depreciation is a measure of the decline in service potential of 
an asset {NZFIB, 1982). In practice, it is very difficult to actually 
measure Jhis decline and so depreciation is normally calculated by assuming 
a fixed rate of decrease in service potential. Each component of a vessel 
will be subject to different rates of decline, however, and so each 
component must be depreciated at a different rate. Furthermore, the 
decline will differ according to the nature of the vessel. Planing hulls 
generally have a shorter life than displacement hulls, and outboard or 
stern-drive engines wear much more rapidly than inboar.d engines, as they 
rev at much higher rates. Depreciation is ca~culated on a 
diminishing value basis, using the figures shown in Table 5.2. 











Source: NZFIB, unpubl. data 








When assessing the profitability of fishing operations, the 
historically recorded book values of the vessels and gear are reasonable 
figures to use for depreciation purposes (S. Andrews, pers. comm.). 
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Thus, depreciation calculations are based on the purchase value of 
the vessel and gear. Since the hulls, engine, deck machinery and electrical 
equipment depreciate at different rates, it is necessary ~o ascribe a fixed 
proportion of the vessel's purchase value to eac~ of these four components. 
Once again, the proportion varies with the nature of the vessel. The 
figures used are based on NZFIB estimates. These figures are shown in 
Table 5.3. 














Source: NZFIB, unpubl. data 
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Where an engine had been replaced since the vessel was purchased, 
engine depreciation calculations are based on the purchase value of the new 
engine. Purchase values for gear were jndependently itemised in the survey. 
Since most fishermen had some old nets and some new nets, however, it is 
necessary to assume that the gear had a mean age of two years. 
Group A operations again only have 14/52 of the total depreciation 
charged to the rig season, while Group Band Group C vessels .have the 
entire amount charged. All depreciation of Group A gear is, however, 
included in the analyses, as this gear is not used outside the rig season. 
5.3.2 Profitability 
Tables 5.4, 5.5 and 5.6 show the results ~f the three group analyses. 
It should be stressed that these figures are the average costs and earnings 
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Table 5.4 Financial analysis of group A operations a. 
GROSS($) PERCENTAGE OF GROSS EARNINGS 
TOTAL SALES 21,030 100.0 
COSTS 
A. Variable Costs 
(a) Wages 2050 9.7 
(b) Fuel and oil 3180 15.1 
(c) Variable repairs and 
maintenance 
(i) Engine and deck 1090 5.2 machinery 
(ii) ·Nets 1630 7.8 
(d) Variable· shore expenses 1340 6.3 
TOTAL VARIABLE COSTS: 9290 44.2 
CONTRIBUTION MARGIN: 11,740 55.8 
B. Fixed Costs 
(a) Insurance 700 3.3 
(b) Interest 620 2.9 
(c) Fixed repairs and 550 2.6 maintenance 
(d) Fixed shore expenses 340 1.6 
TOTAL CASH FIXED COSTS 2210 10.5 
TOTAL CASH COSTS 11,500 54.7 
CASH SURPLUS 9530 45.3 
(e) Depreciation 
(i) Vessel 2000 9.5 
(ii) Nets 700 3.7 
TOTAL FIXED COSTS 4980 23.7 
TOTAL COSTS 14,270 67.9 
NET INCOME 6760 32.1 
a . Sample size: 4 Percentage of group population: 80 
106 
Table 5.5 Financial analysis of Group B.operationsa. 
GROSS($) PERCENTAGE OF GROSS EARNINGS 
TOTAL SALES 
COSTS 
A. Variable Costs 
(a) Wages 
(b) ,'Fuel and oil 
(c) Variable repairs and 
maintenance 
(i) Engine and deck 
mach_inery 
(ii) Nets 
(d) Variable shore expenses 
TOTAL VARIABLE COSTS 
CONTRIBUTION MARGIN 
B. Fixed Costs 
(a) Insurance 
(b) Interest 
(c) Fixed repairs and 
maintenance 
(d) Fixed shore expenses 
TOTAL CASH FIXED COSTS 


















































Table 5.6 Financial analysis of Group C operationsa. 
GROSS ($) PERCENTAGE OF GROSS EARNINGS 
TOTAL SALES 
COSTS 
A. Variable Costs 
(a) Wages 
(b) Fuel and oil 
(c) Variable repairs and 
maintenance 
(i) Engine and deck 
machinery 
(ii) Nets 
(d) Variable shore expenses 
TOTAL VARIABLE COSTS 
CONTRIBUTION MARGIN 
B. Fixed Costs 
(a) Insurance 
(b) Interest 
(c) Fixed repairs-and 
maintenance 
(d) Fixed shore expenses 
TOTAL CASH FIXED COSTS 


















































pe~ opePation, and not per owner, as some of the operations are partnership 
owner-operated. 
The contribution margin is the average amount of money that remains 
out of gross earnings after all variable expenses have been paid. 
Expressed as a percentage, it represents the average number of cents in each 
dollar of sales, which is available to meet fixed costs and provide an 
income to the owner(s) of the operation. 
Total fixed costs are equal to the total cash fixed cost, plus 
depreciation. 
Net income is the average net income to an operation before tax. 
5.3.3 Break-Even Analysis 
One very useful way of summarising the financial viability of this 
fishery for each group of fishermen is to calculate an income equation for 
each group. These equations also provide a ready basis for inter-group 
comparisons, as they highlight the financial differences which existed 
between the three groups. 
An income equation is a linear function of the format, 
where, 
Y=MX-C (NZFIB, 1982) 
Y = net income before tax, 
M = contribution margin, 
X = gross revenue, and 
C = total fixed costs. 
Using the information in section 5.3.2, the income equations for each 
group are: 
YA = 0.56XA - 4980 
YB = 0.42XB - 9270 
Ye = o. osxc- 1130 
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flgure 5.2 Gross revenue - net income relationship for each group of 
Pegasus Bay rig fishermen. 
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By equating Y with zero and solving the income equations for X, 
it is possible to determine how much revenue the average operation in 
each group needed to earn to cover all costs (excluding the cost of each 







An important assumption of these calculations is that net income was 
linearly related to gross earnings, over the zero to break-even revenue 
range. 
5.3.4 Costs, Revenue and Net Income Per Unit of Catch and Effort 
Although the profitability information on each of the three groups 
of fishermen is very useful, it does not describe the economics of this 
fishery very well by itself. The reason for this is that it does not 
provide any information on the efficiency with which each group caught . 
their fish. To complete the financial analysis, therefore, it is 
necessary to examine the costs, revenue and net income per unit of catch, 
and per unit of effort • 
The catch and effort data used in this analysis were obtained from 
MAF statistical return forms. A list of the vessels included in the 
profitability calculations was sent to the MAF, and the Ministry then 
returned ·figures for the mean catch and effort of each group of vessels. 
One major problem with this type of analysis is that the catch and 
effort data provided by fishermen are notoriously unreliable. This must 
be recognised when doing the calculations and when interpreting the results. 
To eliminate as much error as possible, an estimate of each vessel's catch 
(based on the gross earnings figures provided) was also included on the 
list sent to the MAF. Where wide discrepancies exist between the 
estimated and recorded catches, the vess~l is eliminated from the sample 
for this part of the analysis. This reduces the sample sizes to three 
in Group A, four in Group B, and three in Group C. The. analysis is 
performed, only using the costs and earnings data of the operations 
included in ~he mean catch and effort calculations, rather than the 
overall figures presented in section 5.3.2. The samples used in this 
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analysis are considered to be representative of the samples used in 
section 5.3.2, as the mean costs and earnings data of these operations 
correspond very closely with the mean costs and earnings_data presented 
in Tables 5.4, 5.5 and 5.6. 
It is worth stressing that the analyses in this study only 
describe a very dynamic economic system in static terms. They cannot 
describ~ past economic trends in the fishery and so can give misleading , 
results if the season being examined is atypical of previous seasons or 
prevailing trends. This is particularly \rue of analyses which use catch 
data directly, as the catch may fluctuate widely from one year to the 
next, even when effort remains relatively constant •. 
A. Costs, revenue and net income per unit- of catch 
The costs, revenue and net income per unit of catch data are 
shown in Table 5.7. Net income per unit of catch is defined as the 
untaxed mean net income to an operation, per tonne of fish landed. The 
variable revenue per tonne values resulted from different species 
composition of the three catches. 
Table 5.7 Costs, revenue and net income per unit of catch. 
Dollars per Tonne of Fish Landed 
Costs 
Group Mean Catch (t) Revenue Variable Total Net Income 
A 6. 71 2930 1420 2040 890 
B 12.89 2480 1520 2300 180 
C 0.87 2150 2310 3610 -1470 
B. Costs, revenue and net income per unit of effort 
The effort unit used in this section differs from that used in 
chapter 3, as the latter would have resulted in a serious bias if used in 
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this analysis. In chapter 3 the unit used is 100 m days, days being the 
number of days that fish was landed. For Group Band Group C operations, 
the number of days that fish was landed is equivalent to_ the number of 
days fished, as these fishermen only made one-d~y fishing trips. Three 
of the four Group A fishermen, however, remained at sea for periods of 2-4 
days. Relative to Group Band C's effort, therefore, Group A's effort 
will be grossly underestimated by this unit. To correct for this bias, 
effort,ftas been measured in units of 100 m days-fished. For the three 
Group A fishermen who remained at sea for more ~han one day, 100 m days-
fished is calculated by assuming a mean trip length of first two days, 
and then three. Each of these fishermen's effort is then added to the 
fourth fishennan' s effort· (mean trip length of one day) to obtain the 
overall effort for that group as shown. 
Table 5.8 shows the cost, revenue and net income per unit of effort 
data. Net income per unit of effort is defined as the untaxed mean net 
income per 100 m days-fished. 
Table 5.8 Costs, revenue and net income per unit of effort. 
Dollars per 100 m Days-fished 
Group 
A (a) 2-day tripsa 










Revenue Variable Total 
23.l 11.2 16.1 
15.9 7.7 11.1 
36.3 22.4 33.7 
13.0 14.0 21.9 
a Mean trip length of two days for the three vessels which spent more 
than one day at sea per trip. 








5.3.5 Returns to Capital and Entrepreneurship 
The net income which an operation earns provides a return to each 
owner's capital, labour and management skills. In practice, it is 
difficult to determine what proportion of the remaining net income should 
accrue to labour, and what proportion shquld·accrue to management skills, 
after the return to capital has been accounted for. These two variables 
are aggregated, therefor~. The net income which remains after the return 
to capital has been accounted for, is termed a return to entrepreneurship. 
The returns to capital -and entrepreneurship which fishermen obtain 
detennine how viable fishing is as a means of earning a living. The 
current viability of the fishery is assessed using present 
returns to capital and entrepreneurship. Book values of the capital are 
reasonable figures to use when assessing the current ·viability of the 
fishery (S. Andrews, pers. comm.). 
It is also important to assess the long-term viability of a fishery. 
The only realistic value of assets to use when assessing the long-tenn 
viability of a fishery is the replacement value of the assets (NZFIB, 1979). 
An important assumption of any assessment of future viability is that 
the earnings and variable costs remain the same with the new vessel. Some 
fixed.costs (insurance, interest and depreciation) will.change, however. 
In the analysis which follows, depreciation is calcu:ated in the same 
manner as described in section 5.4.1. Insurance costs are assumed to 
equal 3.5% of the vessel's replacement value, as in NZFIB (1979). Only 
those vessels which were insured for the last season are charged with an 
insurance cost. Interest is not included in the fixed costs for this 
part of the analysis, as the terms of these loans will vary widely from 
one operation to the next. Net income is, therefore, net income before 
i~terest and tax for this part of the analysis. 
A. Return to entrepreneurship 
For the purposes of this analysis, a 'reasonable' return to capital 
is conservatively estimated at 10% per annum. This is considered to be 
the minimum return that is necessary to retain investment in the industry 
in the short-tenn (NAFMAC, Anon). It is noted, however, that this is 
probably insufficient to prevent disinvestment in a fishery (through the 
non-replacement of assets as they wear out) in the longer term (NAFMAC, 
Anon). 
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Since Group A vessels were used in o·ther fisheries outside the 
rig season, it is necessary to apportion the total annual return to capital 
between the different fisheries. This is done by making the same 
assumption here as is used in the insurance, interest and depreciation 
calculations, i.e., that Group A fishermen spent 14 weeks set 'netting for 
rig .. 
All figures presented in the financial analyses so far represent the 
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costs, earnings or net income to an operation. It is felt that the most 
appropriate figure to calculate in this section is the return to each 
owne~'s entrepreneurship. This is done by subtracting the return to 
capital from each operation's net income, and then dividing the resulting 
return to entrepreneurship by the number of fishennen who owned the 
operation. The mean return to entrepreneurship is ~hen computed by taking 
the mean of all the individual returns. These data are shown in Table 5.9. 
B. Return to capital 
In this part of the analysis, the average New Zealand wage ($15,000 
p.a.) is used to represent a 'reasonable' return on each owner's 
entrepreneurship. In view of the risks and lifestyle associated with 
fishing, this is also regarded as being a very conservative figure. It 
is probably the minimum return that is necessary to retain employment in 
the fishery in the long term (NAFMAC, Anon). It is asswned that Group A 
and Group B fishermen each spent an average of 14 weeks set netting for 
rig during the season, and that none of them had other employment as well 
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during this period. Thus, the appropriate return to entrepreneurship for 
the 14 week period is $4038 per owner. Group C fishermen are assumed to 
have spent an average of 20%' of their working hours fishing for rig during 
the season. Information obtained from these fishermen suggests that this 
estimate is probably conservatively low. For these fishermen, therefore, 
the appropriate return to entrepreneurship is $808 per owner. 
The return to capital is calculated by simply taking the mean of 
all the owner's returns t? capital. Each owner's return to capital is 
computed by subtracting his return to entrepreneurship from his share of 
the operation's net income. 
in Table 5. 9. 
The results of these calculations are shown 
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c. Viability 
The current and long-term viability of the fishery is assessed by 
calculating the mean 'excess' net income per owner for each group. 
'Excess' net income per owner is defined as the·net income remaining after 
an owner's minimum reasonable returns to .capital and entrepreneurship have 
been subtracted from his actual net income. Each owner's net income and 
reasonable return to capital are computed by dividing those of the operation 
by the ,number of owners. The mean excess net income is then calculated by 
taking the mean of all individual figures for each group. These data are 
shown in Table 5.9. Table 5.10 shows the percentage of owners in each 
group whicµ were breaking even, attaining a positive return to 
entrepreneurship and obtaining a positive excess net income, using both 
the book and replacement values of their assets. 
5.4 ECONOMIC ANALYSIS 
5.4.1 Capitalisation in the Catching Sector 
Several measures may be used to estimate the capital invested in 
the catching sector of a fishery. These are the book value, the market 
value, and the replacement value of the vessels and fishing gear. Since 
the economist's concern is to ensure an efficient allocation of resources 
between alternative uses, the most appropriate measu~e is the current 
economic value of the capital, i.e., market values. Book values do not 
provide a good estimate of the capital invested as the vessels and gear 
are depreciated in accordance with the rules set for taxation, rather than 
market values. Replacement values overestimate the value of the vessels 
and gear actually employed in the fishery. 
Unfortunately, it is very difficult to estimate market values at 
present as the permit moratorium has had considerable impact on vessel 
sales. However, the market values of most vessels and gear will probably 
fall between the book and replacement values. The book and replacement 
values may be used, therefore, to provide an indication of the level of 
capitalisation in the catching sector. 
¾~ile book values may be determined relatively easily, it is 
frequently difficult to obtain an accurate estimate of the replacement 
value of a vessel. The estimates used were obtained from fishermen in 
Table 5.9 Returns to capital and entrepreneurship per owner, and 'excess' net income per owner. 
Return to Capital or Entrepreneurship per Owner($) 'Excess' Net Income 
Net Income per Owner Current Long-term per Owner($) 
Group Current Long-term Capit. Entrepr. Capit. Entrepr. Current Long-term 
A 3450 1240 -590 2860 -2370 -660 -1180 -4700 
B 1500 -1550 -2540 -270 -5590 -5310 -4310 -9710 
C -1280 -4800 -2090 -1610 -5600 -6910 -2420 -7720 
TOTAL 1690 -1160 -1810 550 -4520 -3310 -2950 -7710 
Table 5.10 Distribution of individual returns to capital and entrepreneurship, and 'excess' net income. 
Percentage of Owners in each Group Sample 
Book value Replacement value 
Positive return Positive excess Positive return Positive excess 
Group Breaking even to entrepr. net income Breaking even to entrepr. net.income 
A 100 100 17 so 17 17 
B 57 43 33 43 29 29 . 
C 33 33 0 0 0 0 





the survey. When the estimated replacement values of similar vessels 
are compared, it is found that the estimates are always very compatible. 
It is assumed, therefore, that the estimates are realistic. Replacement 
values for gear are much easier to assess as current prices are readily 
available to check estimated values against.. Where replacement value 
data are not available for all the vessels and gear in a group, total 
values are calculated by assuming that the missing vessels and gear have 
a replacement value equal to that of the sample mean. 
Table 5.11 shows the total estimated book and replacement values 
of the capital invested in the catching sector of the fishery in the 
1982-83 season. Trawlers and those Group C vessels which did not target 
fis~ for rig, are not included in the estimates. These vessels only 
took rig as a by-catch and are not considered to ha~e been sufficiently 
involved in the fishery to warrant inclusion in the estimates. 
Group B operations and those Group C operations included in Table 
5.11, were only active during the rig season. In contrast, Group A 
operations were active all year. Group A operations did not set net 
outside the rig season, however. Thus, the capital associated with 
Group B operations, those Group C operations included in the table, and 
Group A operations' gear, is invested in the rig fishery only. The 
capital associated with Group A vessels is invested in other fisheries 
at other times of the year. 
5.4.2 Economic Rent 
It is impossible in this study to obtain an accurate estimate of 
how much economic rent the fishery was yielding in the 1982-83 season, 
as not all the required data are available. Nevertheless, it is still 
useful to provide an indication of what the rent was. 
Economic rent is defined in section 5.1 as the difference between 
the economic costs of harvesting a resource, and the economic benefits 
which the resource yields. Since all fish caught by the set net 
fishermen was sold competitively, it is assumed in this analysis that the 
benefits of the fish were equal to the consumers' willingness to pay. 
Thus, the economic benefit was equal to the gross revenue of all 
operations; 






Estimated capitalisation in the catching sector of the Pegasus Bay rig fishery. 
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The economic costs of the inputs used to harvest the fish are more 
difficult to quantify. If the economic cost is assumed to be equal to 
the opportunity cost of the inputs, then the market pric~ will approximate 
the economic cost of many of the inputs (Anderson, 1977). Market prices 
may be subject to either taxes or subsidies, however. Taxes are not 
economic costs, but subsidies are (Gittinger, 1972). Thus, the true 
economic cost will be equal to the market value of the inputs, plus any 
subsidies and less any taxes. Without detailed information, the true 
economic costs cannot be determined. 
For the purposes of this analysis, the costs of the inputs are 
assumed to be equal to the SlUil of: 
(i) all financial costs, with .the exception of depreciation 
and interest; 
(ii) the opportunity cost of all owners' entrepreneurship; and 
(iii) the opportunity cost of all owners' capital. 
Interest is not included as it is part of the total return to capital, 
available to society as a whole (Gittinger, 1972). Depreciation is not 
included as it is simply a financial book pa~nent which transfers funds 
from fixed assets to current assets (Bannock et al., 1977). Neither 
interest nor depreciation are economic costs, therefore. The opportunity 
cost of the owner's capital and entrepreneurship are assessed using the 
same assumptions as were used to estimate minimum reasonable returns to 
capital and entrepreneurship in section 5.3.5. 
The economic rent is calculated as the rent yielded by the total 
population of set net fishermen (excluding those Group C fishennen which 
do not target fish for rig). Operations which are not included in the 
financial analyses are assumed to have had costs and earnings equal to 
that of the mean of their respective groups. Since market values of the 
vessels and gear are difficult to assess at present, the economic rent 
is calculated using, first; the book values of the assets, and then the 
replacement values of the assets. Rent is then expressed as a percentage 
of total costs. These data are shown in Table 5.12. 
Table 5 .12 Economic rent yielded by total population of set net fishermena, 
Economic Rent 
Total Cost($) Book value Replacement value 
Total Revenue 
Group ($) Book value Repl. value Gross ($) Percentage Gross ($) Percentage 
A 105,150 87,080 100,150 18,070 20.8 5;000 5.0 
B 278,100 250,780 280,970 27,320 10.9 -2,870 -1.0 
C 9,350 16,690 25,600 -7,340 -44.0 -16,250 -63.S . 
TOTAL 392,600 354,550 406,720 38,050 10.7 -14,120 -3.5 






5.5.1 Financial Analysis 
The profitability analysis shows that Group A was clearly the most 
profitable group of fishermen-in the 198~-83 season. Although their 
gross earnings were considerably less than Group B's, their total costs 
were only half as high. Consequently, Group A's net income was nearly 
three times higher than Group B1 s. It is notable, however, that the two 
groups had similar contribution margins and cash surpluses. 
Group A operations also appear to have been in a more sound 
f~nancial posit~on than Group B operations. This does not necessarily 
follow from greater gross profitability, but it does indeed appear to be 
the case in this fishery. The net income per dollar invested and net 
income per dollar of sales, two indicators of. financial strength, were 
both much higher for Group A operations than Group B operations. This 
will have placed Group A operations in a much better position to service 
their debts and earn a living than Group.B operations. 
Another good way of examining financial strength is to express net 
income as a percentage of liabilities. Since no information was obtained 
on liabilities in the survey, it is not possible to examine this 
quantitatively. If interest is taken as an indicator of liabilities, 
however, it seems likely that net income would have l,een a much higher 
percentage of liabilities for Group A operations than Group B operations. 
This will have. again placed Group A in a much better position to service 
their debts and earn a living than Group B operations. 
On the whole, Group B operations appear to have been in a rather 
precarious position. They caught a large quantity of fish (relative to 
either of the other groups), but only earned a very small net income. 
This is because their costs were so high. Costs accounted for 92 cents 
in every dollar of sales compared to 68 cents in every dollar of sales 
for Group A. The average Group B operation would, therefore, be very 
vulnerable to even comparatively small increases in costs (e.g., fuel) 
or alternatively, to comparatively small decreases in catch. Either of 
these events could have a serious impact on their net income. 
Group C operations were obviously in a very unenviable position. 
Overall, they were running at a substantial loss, as their total costs 
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were 68% higher than their gross earnings. Even their cash surplus was 
negative. The income equations show that it was impossible for the 
average Group C to even cover his costs. 
Most of Group A ~nd Group B's costs accounted for very similar 
proportions of the total revenue .. The major cost structure differences 
between the two groups existed in the fuel and oil; maintenance, interest, 
and de~re_ciation costs. These costs consumed a much higher percentage 
of the revenue for Group B operations than Group A operations. Since 
Group A vessels ran on dies_el, and since most of the vessels remained at 
sea for 2-3 days, they naturally had much lower fuel costs for each day's 
fishing than Group B vessels, which ran on petrol and returned to shore 
each evening. Group B vessels also wear much more rapidly, as the 
engines rev at much higher rates. This incurred higher maintenance costs. 
Although Group A vessels had a higher mean purchase value than Group B 
vessels, interest and depreciation costs were considerably less for Group A 
operations. The reason for this is that Group A operations had these 
costs spread throughout the year, while Group B operations bore them all 
during the rig season. Furthermore, depreciation rates are higher on 
Group B vessels for· the reasons noted in section 5.4.1. 
~everal differences are also found to exist between Group A and 
Group B with regard to the efficiency with which they caught their fish. 
While the costs and revenue per tonne of fish landed did not differ 
greatly, Group A's net income per tonne of fish landed was nearly five 
times higher than Group B's. 
The costs and revenue per unit of effort reveal more marked 
differences between the two groups. Group B's revenue per unit of effort 
was considerably higher than Group A's, but so too were its costs per unit 
of effort. This resulted in a much higher net income per unit of effort 
for Group A operations than Group B operations, even when the mean trip 
length was assumed to be three days rather than two. Group C again fared 
very poorly. It had the highest costs per tonne of fish landed, the 
lowest net income per tonne of fish landed, and the lowest net income per 
unit effort of any of the groups. 
The financial viability ~f each gToup is assessed in section 5.3.5 
by ~ompariµg the returns to capital and e~trepreneurship which the average 
owner in each group attained, with estimated minimum reasonable returns. 
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These minimum reasonable returns represent the returns which an owner could 
expect to earn if he employed his capital and entrepreneurship in other 
financial ventures. 
Table 5.9 shows ~hat although Group A operations were, on the whole, 
the most profitable, not even they were obtaining the minimum reasonable 
returns to capital and entrepreneurship. To provide returns equivalent 
to those which (it is assumed) the average Group A owner could have earned 
I 
through alternative use of his capital and entrepreneurship resources, the 
average Group A operator would have needed to increase his net income.by 
approximately 35%. Net income per owner would need to have been nearly 
three times higher to provide minimum reasonable returns to the average 
Group B operator. Since the total costs for Group C operations were 
considerably higher than total revenue, the average Group C owner was 
unable to make his operation viable. The best that he could have done was 
to minimise his losses. This would have been.done by not fishing (see 
Figure 5.2). 
It would appear, therefore, that the average owner in all three 
groups earned cons~derably less from having his resources invested in a 
fishing operation than he is assumed to have been capable of earning from 
another financial venture. While some individuals in Groups A and B 
did earn minimum reasonable returns to their capital and entrepreneurship 
(see Table 5.10), the majority earned substantially less. It is very 
unlikely that most operations earned sufficient net income during the 
season, to even provide the owners with a sa~isfactory.wage. The average 
Group B net income of $1500 is very little for three months' work, and even 
the average Group A net income ($3500) is less than the average New Zealand 
wage for the same three month period. In view of the risks and lifestyle 
associated with fishing, these returns are very poor. 
Since the great majority of vessel owners were not attaining 
reasonable returns on their capital and entrepreneurship, it is clear that 
they were earning less than is required to make the fishery.viable for them 
in the long-term. To assess the long-term viability of a fishery, it is 
necessary to base cost and return to capital estimates on the replacement 
value of each operation's assets. When this is done, it is found that the 
average Group Band Group C owner did not even cover his costs. While the 
average Group A owner did, he was only ea~ning approximately one-fifth of . . 
the estimated-minimum reasonable r~turn to capital and entrepreneurship.· 
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Overall, therefore, very few fishermen were earning sufficient net income 
to provide themselves with reasonable returns to their capital and 
entrepreneurship in the long-term (see Table 5.10). 
5.5.2 Economic Analysis 
,,The results presented in section 5.4.2 indicate that the fishery 
is also in a very dismal economic state. The amount of economic rent 
which the fishery yielded in the 1982-83 season cannot be determined 
precisely, but it is very likely that the actual amount lay somewhere 
between the two estimates provided. Theory suggests that if the economic 
rent was zero, or very close to it as _indicated, then the net economic 
yield from this fishery could be increased greatly by reducing effort and 
redeploying the "freed" resources into other sectors of the economy. 
Since the rig population is almost certainly declining (see section 
3. 4), it seems reasonable to assume that the population has not re_ached 
equilibrium size, for the level of effort that is being applied. At 
present, therefore, the revenue from this fishery would appear to be above 
the long-run equilibrium revenue point. The exact location of this 
equilibrium point depends on what the equilibrium population size is for 
the effort currently being applied. Two possibilities exist: the 
equilibrium population· size could be between the rnaximtull and zero, or it 
could be equal to zero. Thus, the fishery will be described by one of the 
two points (E 1 , TR1 or E2 , TR2 ) shown in Figure 5.3. 
While the economic rent from this fishery was probably very close 
to zero in the 1982-83 season, Figure 5.3 indicates that this is not a 
stable long-run situation. In the long-term, the rent will decrease 
even further if costs and effort remain the same, regardless of which of 
the two points the fishery is presently at. It seems likely, therefore, 
that -if costs and effort do remain the same, the fishery will soon 
generate significant economic losses. 
In summary, it appears that the fishery is in a very serious 
financial and ·economic state. Very few fishermen are obtaining minimlllll 
reasonable returns to their capital· and entrepreneurship and, for most, 
fishing cannot be viable in the long-term given present .costs and earnings. 
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From an economic standpoint, the fishery is operating very inefficiently, 
implying that it is heavily over-capitalised. In the long-run, it is 
expected that the fishery will incur significant losses to the economy if 
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Diagrammatic representation of the economic state of the 
Pegasus Bay rig fishery. Total costs rand Total costs bare 
total costs based on the replacement and book value 
respectively of the operation. TRl and TR2 are above the 
n.aximum on the Total revenue curve for reasons which are 
explained in section 6.3. 
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6.0 MANAGEMENT 
6.1 OPTIMUM YIELD AS A MANAGEMENT GOAL 
6.1.1 Reason for Adopting the Goal 
New Zealand's fish resources are pu~lic property·. They belong to 
the nation as a whole and so no-one ~n~ividual or group has any greater 
claim to them than another. 
,, 
This may seem to be a statement of the obvious, but the point is an 
important one as it provides the key to what I believe must be the goal of 
fisheries management. It tells us that because the resources belong to 
the entire public, then they must be developed. and managed for the greatest 
possible benefit of the entire New Zealand public. Since the individuals 
associated with the fishing industry constitute only part of the public, 
management cannot cater for their interests alo~e. It must also account 
for other sectors' interests and for general societal goals and objectives. 
It would seem to be only right that this principle is adopted to guide 
management as, 
,, ... {the] taxpay?rs not only own ••• {the] fisheries resources but 
they [also] pay the aost of maintaining these resouraes for the 
benefit of existing and future generatio.ns." 
(Sinclair, 1978) 
It should be pointed out that society also pays the opportunity cost of 
sacrificing the resource and the potential benefits it offers, if a resource 
is not managed for the greatest benefit of the public. 
In my opinion, there is only one goal which c.an be used to manage 
fisheries for maximum public benefit: optimum yield. This goal is broad 
enough and flexible enough to allow managers to address every possible 
element of public bene~it. Furthermore, it makes no assumptions about the 
importance of the different elements. Biological, economic, social and 
political values (and any other important values) ~re all equally integral 
components of the·optimum yield. All ·other management goals (e.g., 
maximum sustainable yield, maximum economic yield) fail to address any more 
than two sets of values. Not only does this exclude the possibility of 
deliberately managing for other values, but it assumes that the chosen 
values are more important than others. Optimum yield also provides a 
framework for resolving conflicts which arise between incompatible objectives. 
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Other goals do not. They seek mathematical solutions to social phenomena. 
If the task is to manage fisheries for the greatest possible benefit of the 
public, then in my opinion it is both logical and necessary to regard 
optimum yield as the management goal. 
The penalty for accepting this goal is that managing fisheries 
becomes exceedingly complex. No longer is it simply a matter of conserving 
a fish stock, maximising the yield or protecting the livelihood of fishermen. 
Instead,,,we are faced with a truly multifarious array of conflicting 
objectives. The difficulty in resolving these conflicts is, however, no 
justification for reverting to single-objective management functions. 
~bile the objectives may be made to disappear, the responsibility cannot. 
Section 4 of the Fisheries Act (1983) states that the purpose of a 
fishery management plan is to, 
" conserve, enhance, protect, allocate and manage the fishery 
i•esources within New Zealand fisheries waters having regard to the 
need for -
(a) planning, managing, controlling and implementing such measures 
as may be necessary to achieve those purposes; 
(b) promoting and developing commercial and recreational fishing; 
{a) providing for optimum yield8 from any fishery and maintaining 
the quality of the yield without detrimentally affecting the 
fishery habitat and environment." 
"Optimum" is defined in the act as, 
" the ma.ximwn sustainable yield from tha.t fishery modified, for 
the purposes of a management plan, by any relevan~ economic, social, 
recreational, or ecological factor." 
The definition of "optimum" used in the act is, I beli~ve, broad 
e~ough to include all of the factors stated in Section 4. Conservation, 
allocation, maintaining the quality of the yield and all the other factors 
listed in Section 4 are all relevant to management of a fishery and so I 
believe that they are all elements. of. the optimum yield. It is very 
useful, therefore, to consider optimum yield as the foundatio.n concept in 
fisheries management planning. 
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6.1.2 _Interpretting the Goal 
The inclusion of the words "optimum yield" in the act is, in my 
opinion, very pleasing. Their inclusion offers fisheries· management 
planners ample potential to manage New Zealand's fish resources for maximum 
public benefit and, therefore, to improve µtilisation and management of the 
resources dramatically. 
planners effectively. 
By itself,. however, the te1111 is too vague to guide 
If fisheries management planning is going to be as 
successful as everyone hopes, then it will be necessary to interpret the 
term; to give it meaning. Without such an interpretation, the act is merely 
paying lip service to a popular concept. 
At present, no such interpretation is included in the act. The First 
Schedule contains a list of factors which must be included in the plan, but 
this list does not provide any assistance in detennining how, for instance, 
the maximum sustainable yield should be modified to achieve the optimum yield. 
The schedule simply states that a fishery management plan must contain any 
measures • 
." •.• considered necessary or·desirabZe for the conservation or 
management of the fishery." 
Necessity and desirability only have meaning in the context of a given end, 
however, and so without some clear interpretation of what "optimum yield" 
means, it is impossible to detennine what is necessary or desirable. While 
a draft fisheries policy was released in 1980, this policy is not based on 
the concept of optimum yield, and so it cannot be regarded as adequate for 
fisheries management planning. 
It is my opinion, therefore, that more specific guidance is required 
before the optimum yield for the Pegasus Bay rig fishery can be adequately 
determined, and before management options can be discussed thoroughly and 
meaningfully. Consequently, it has been necessary to collate a list of 
factors which, I believe, must be considered if optimum yield is to be 
pursued as the goal of fisheries management planning. The list is not 
exhaustive, but, where possible, I believe that the optimum yield for this 
or any other fishery must be determined by giving due consideration to the 
importance of: 
(i) harvesting the resource at a rate which is sustainable in the 
long term; 
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(ii) maintaining the stock at a size whicn ensures a high degree of 
security with respect to resource productivity (Crutchfield, 1973); 
(iii) minimising catches of any species which are not utilised after 
harvest; 
(iv) preventing or reducing over-capitalisation; 
(v) encouraging fishermen to catch fish at the lowest possible cost 
(Crutchfield, 1965); , 
(vi) maintaining a satisfactory level of income for fishermen and 
fishery-related enterprises; 
(vii) maintaining a reasonable return on fishermen's investments 
(Rothschild, 1971 in Alverson and Paulik, 1973) ;· 
(viii) encouraging the fishing industry to catch and process fish with 
techniques that ensure a high-quality product;· 
(ix) maintaining fishery-related employment bpportuni ties (Anon, .. 1976 
in Sinclair, 1978); 
(x) the inter-relationships between different fisheries; 
(xi) traditional fishing rights; 
(xii) conserving and enhancing opportunities for.recreational fishing; 
(xiii) reducing user group conflicts; 
(xiv) protecting and, where possible, improving the fisheries environment 
(Anon, 1980a) ; 
(xv) minimising ecological disruptions in inter-species relationships; and 
(xvi) promoting public awareness of the importance of maintaining healthy 
fish communities and ecosystems (Anon, 1976 in Sinclair, 1978). 
It may be seen from this list that the optimum yield is not simply 
described by a numerical estimate of the physical yield. It must also be 
described in terms of how the yield is taken and, furthermore, who takes it. 
Not even these factors describe the optimum yield by themselves 
however •. The optimum yield must also be described in terms of the ~ay that 
any desired combination of the above factors is achieved. If, for example, 
the same combination could be achieved in two ways, one of which was very 
costly to administer and one of which was not, then the total public benefit 
would not be as great as possible if th~ first management regime was adopted. 
Similarly, if one means of achieving the desired combination was very 
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inequitable and one was not, then the more equitable management option 
would result in greater overall benefit for society. Thus, it is not 
possible to divorce the various,means of achieving any de?ired combination 
of the above factors from the determination of the optimllln yield. It is 
also necessary, therefore, to determine what factors influence the ability 
of each management option to attain the optimum yield. 
Any management proposal for achieving-the desired combination of , . 
those considerations listed in (i) - (xvii) above, must, in my opinion, be 
evaluated with regard to: 
(i) the efficacy with which it wouid achieve the desired combination; 
(ii) the distribution of costs and benefits which it would generate; 
(iii) its robustness in the face of inevitable changes in fishing 
technology, costs, fish prices, and the availability of resources 
(Pearse, 1980); 
(iv) the ease with which the proposal could be adapted should conditions 
change after its implementatjon; 
(v) the costs of administering and enforcing the proposed management 
regime; and 
(vi) the ease of administering and enforcing the proposed management 
regime. 
. 
Only when these factors have been considered along with those listed 
previously (and those not listed which are also relevant), will it be possible 
to determine what the optimum yield is • 
The optimum yield from a fishery is the ideal combination of all 
relevant factors which results in the optimal utilisation of that resource 
for society. What is optimal for society is, _however, a matter of opinion 
and no one opinion is more correct than another. Thus, the real societal 
optimum is uncertain. It is neither definable nor attainable. I wish to 
make the point very clearly, therefore, that the optimum yield described for 
this fishery is not the optimum yield. It cannot be. It is only my 
opinion on what the optimu.11 yield is. Before describing the optimum yield, 
however, it is first necessary to exa..11ine the state of the Pegasus Bay rig 
fishery, and to assess the implications of non-management. These two 
factors also exert an important influence on the description of the optimum 
yield. 
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6.2 PRESENT STATE OF THE FISHERY AND THE IMPLICATIONS OF NON-MANAGEMENT 
For management purposes, all rig on the east coast of the South island 
can be treated as one stock. Since rig migrate extensively along the coast, 
the biological state of the Pegasus Bay fishery is detennined by the combined 
activities of all fisheries along this coast. The.biological state of the 
fishery can only be determined, therefore, by examining the condition of the 
stock as a whole. 
Catch-effort analyses show that catch rates are declining rapidly in 
all three major rig fisheries along the east coast of the South Island. At 
Kaikoura, 'the catch rate has declined by 69% since its peak in the 1975-76 
season. In the Pegasus Bay and Timaru-Oamaru areas, catch rates have 
declined by 72% and 65% respectively since their peaks in the 1977-78 season. . . 
The only accepted explanation for this is that the abundance of rig in the 
population is declining rapidly as a result of severe overfishing. 
Tagging experiments also indicate that the rate of exploitation 
greatly exceeds the stock's productive capacity. Overall, the rate of 
exploitation is probably about 30% (Francis, 1983b). The sustainable 
exploitation rate is probably only abo~t 5% (M. Francis, pers. comm.). 
The very high rate of female exploitation makes the situation more serious 
than even these figures would indicate, however. Rig probably have a 
direct stock-recruitment relationship, and so it is very likely that future 
recruitment is being severely affected at present exploitation rates. It 
has almost certainly been recruitment overfished in the pa~t as well. 
There seems little doubt, therefore, that the Pegasus Bay rig fishery 
cannot be biologically viable for much longer under the prevailing 
harvesting regime. 
On_the whole, fishennen obtained very poor financial returns from the 
fishery in the 1982-83 season. A few fishennen did obtain minimum 
reasonable returns to their capital and entrepreneurship, but the majority 
obtained substantially less. Many did not even cover their costs. Even 
at the present rate of exploitation which greatly exceeds sustainable· 
limits, none of the three groups of set net fishennen are earning sufficient 
net income to p~ovide ~ reasonabie return to their capital and 
entrepreneu+ship. The returns are also far less than those required to 
provi~e vessel owners with satisfactory returns to capital and entrepreneur-
ship in the long tenn. Since the 1982-83 season was in line with the 
general catch rate trend, it is not considered to be an 'abnonnal' year. 
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Indeed, it is likely to be better than those in the future if the current 
level of effort persists, as it is almost certain that the population will 
continue to decline at a rapid rate if effort continues t9 be applied at 
the current level. 
The fishery is also in a serious economic position. The economic 
rent appears to be very close to zero, indic~ting that the fish are being 
harvested very inefficiently. The economic benefit of the fishery could 
I 
be increased substantially through a reduction in both the amount of capital 
invested in the fishery and the amount of effort being applied. Since the 
current harvest is above the long-run equilibrium yield, it is very likely 
that the fishery will soon generate significant economic losses if the 
current harvesting regime continues. 
Due to the probability of recruit~ent overfishing, both in the past 
and at present, it can be expected, I believe, that the rig stock will 
continue to decline at a rapid rate if fishing effort is not curbed. As 
catches decline, some fishermen which are less dependent on the fishery, 
will probably cease fishing. However, many will, I believe, continue to 
~ 
fish for the species. Rig is in good demand in the Canterbury area and 
so port prices generally increase with a fall in supply. Thus, prices 
will probably increase as catches dwindle. There is evidence of this 
already, as port prices were considerably higher in the 1983-84 season 
than in the 1982-83 seaso~ (C. Hill, W. Matthews, pers. conun.). Fishermen 
will be encouraged to keep fishing for the species, therefore, even if for 
shorter periods of time. Past trends indicate that they will use increased 
lengths of net to compensate for falling catches. Without some form of 
control, therefore, I do not believe that exploitation will fall to a 
sustainable level or that the stock will recover. 
As catches fall, fishermen's profits will almost certainly decline. 
Returns from the fishery are already very poor, but it is likely that they 
will decrease even further as catch rates decline. This will undoubtedly 
force some fishermen from the fishery, and those fishermen which are not 
dependent on the fishery for an important part of their income, will probably 
restrict their fishing to times of peak catch. Both of these trends have 
been observed in recent seasons. Those fishennen who are dependent on the 
fishery for an important part of their income can be expected to face some 
financial difficulties. This may force them to increase their fishing 
• I ..,_ 
effort or to exploit·other species when rig catches are low. Some may choose 
to leave. 
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One perturbing trend which has developed in recent seasons is the 
practice of leaving nets set for extended periods before clearing them 
when catches are low. The result is an increased waste of fish and a 
reduction in the quality of the catch. This practice can be expected to 
become more prevalent if catches continue to decline. 
While the Pegasus Bay rig fishery is left unmanaged, there will be 
very li~~le chance of managing rig fisheries in other areas on the east 
coast of the South Island successfully. Rig move along the coast 
extensively and so, if other rig fisheries along the coast were managed but 
the Pegasus Bay fishery was not, then the benefits of catch or effort 
reductions in other areas would be at least partly dissipated through 
increased catches in Pegasus Bay. Not only is this inequitable, but it is 
also a waste of a lot of the time and money spent managing other rig 
fisheries. Similarly, reducing catch and effort in the Pegasus Bay rig 
fishery would not be biologically effective or cost-effective, unless 
management is implemented over the entire geographic range of the stock. 
One factor which must always be considered when contemplating 
management is the cost of managing a fishery in relation to the benefits 
that management offers. This is always difficult to assess, but I believe 
that for very little cost the benefits from the rig fisheries could be 
substantially improved. Rig is a valuable species (the sixth most valuable 
for the domestic fleet in 1981) and the east coast ports of the South Island 
contribute a large part or the total landings. In 1982, the east coast 
ports between Golden Bay and Bluff yielded just less than 50% of the total 
New Zealand rig landings. Furthennore, the Pegasus Bay rig fishery, and 
possibly some others as well, is likely to generate significant economic 
losses if effort is not reduced. I would suggest, therefore, that the 
present utilisation of this resource is far less than optimal, that the 
potential benefits of management are large, and accordingly, that the stock 
should be managed. 
6. 3 OPTH,,:IUM YIELD FOR THE PEGASUS BAY RIG FISHERY: A PERSONAL 
PERSPECTIVE 
One very important characteristic of the optimum yield is that it is 
dynamic. Fishing costs, consumer demand, external employment opportunities, 
the size of fish stocks, and many other factors, are all continually changing. 
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Thus, what is optimal at one point in time, may not be optimal at another. 
Since it is not usually possible to predict how these factors will change, 
it is rarely possible to predict the long-term optimum yi~ld. 
No attempt is made to determine the long-term optimum yield for the 
Pegasus Bay fishery; first, because it is not known how a number of the above 
factors will change, and second, because there is a great deal of uncertainty 
over tht:, biological and economic estimates provided in the following 
discussion. Estimated long-term biological yields are included in the 
discussion, however, as it is necessary to examine these yields as well as 
t~e·short-term yields to present an accurate picture of the state of some 
fish stocks. 
6.3.1 Biological, Economic and Social Aspects 
I 
A. Biological aspects 
Although rig fishermen target fish for rig, they also catch a number 
of other species. It is necessary, therefore, to examine the state of these 
fish stocks, as well as the rig stock and to examine the impact of set 
netting on them when determining the optimum yield for the fishery. 
(a) Present catches 
Lyttelton1 trawl and set net landings of the major species caught by 
the set net fleet are shown in Table 6.1. Figures shown are mean annual 
landings for 1981 and 1982. 
Very little set netting occurs in Pegasus Bay between May and 
September. With the exception of flatfish, therefore, nearly all of the 
recorded set net landings of each species are taken between October and 
April. Most of this fish is probably taken by rig fishermen. It is not 
known, however, what pro~ortion of each species' landings is taken while 
target fishing for rig. 
Table 6.2 shows the catch composition of Group A, B arid C operations 
for the October-April period in the 1982-83 season. Figures shown are 
mean catches per operation. Not all operations are included in the 
calculations as some fishermen have·not sent statistical return forms in 
1 Lyttelton landings include landings at all small ports around Pegasus 
Bay, e.g., Motunau and Sumner. 
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to the MAF. It is stressed that these are the recorded catches. Actual 
catches could differ considerably. 
Table 6.1 Mean annual (1981-82) trawl and set net landings at Lyttelton 
of the major species caught by the set net fleeta. 
Species 
Rig (Mustelus lenticuZatus) 
School shark (Galeorhinus australis) 
Tarakihi (Nemadactylus macropterus) 
Spiny dogfish (Squalus acanthias) 
Warehou (mainly SerioleUa spp.)C 
Elephant fish (CaZlorhynchus milii) 
. 
Flounders (RhombosoZea spp.) 
Hapuku (Polyprion oxygeneios) 
Monkfish (Kathetostoma gigantewn) 
Dogfish unspecified 
Shark unspecified 
Soles (mainly Peltorhamphus novaezeelandiae) 
Red gurnard (Chelidonichthys kumu) 
Flats unspecified 
a Source: MAF, unpubl. data. 
b All figures are green weights. 
Mean Annual Landingsb (t) 
Set net Trawl Total 
140.0 74.0 214.0 
58.·s 27.0 85.8 
23.1 122 .7 145.8 
13.2 14.5 27.7 
12.2 94.7 106.9 
11. 3 47.1 58.4 
9.4 61. 7 71.1 
4.7 26.1 30.8 
3.2 50.9 54.1 
2.6 5.0 7.6 
2.1 3.3 5.4 
1.9 165.0 166.9 
1.3 73.7 75.0 
0.7 110.4 111.1 
c Excludes recorded landings of silver warehou (Seriolella punctata). 
Recorded "warehou" landings do, however, contain a mixture of several 
species, silver warehou included. 
Table 6.2 Mean catch composition of Group A, Band C operations in October-April period of the 1982-83 seasona. 
Species A 
Green weight Percentage of 
(kg) total catch 
Rig 7,810 59.3 
School ·shark 2,240 17.0 
Elephant fish 1,890 14.3 
Spiny dogfish 540 4.1 
Hapuku 130 1.0 
Warehou 110 0.9 
Flounders 20 0.2 
Other 430 3.2 
TOTAL 13,170 100.0 

























b Sample sizes: Group A - 3; Group B - 6; Group C - 3. 
C 
Green weight Percentage of 














(b) Total allowable catches 
In the report recently prepared for the NAFMAC (Anon, 1983), the MAF 
provided estimates of the sustainable yields that the major commercial 
species could provide in each region throughout New Zealand. Since many 
stocks are under pressure at present, the MAP recommended interim yields 
for all species, as well as long-tepn yields. Interim yields are set 
lower than the long-tenn yields for most species to ·allow stocks to recover. 
Typical .,recovery periods are expected to be S-10 years (Anon, 1983). Long-
term yields should be indefinite~y sustainable after the stocks have 
recovered. 
The yield estimates provided are total ·allowable catches (TACs). It 
is not certain what level of exploitation these yields represent in relation 
to the maximum sustainable yield, as the report merely states that TACs have 
been set taking into account the best biological and economic data available 
at the time of writing. For biological purposes, however, TACs are usually 
set at approximately two-thirds of the maximum sustainable yield. This 
allows for error in the estimation of maximum sustainable yields. The TAC 
estimates provided in the report are probably in this vicinity. 
It is important to recognise that the TAC estimates provided in the 
report are not precise. While they are the best currently available, some 
estimates are based on scant information. The Ministry's confidence in the 
estimates varies therefore. Of the species listed below, they are 
reasonably confident about the flounders and red gurnard estimates, less 
confident about the rig, tarakihi and soles estimates, and they are least 
confident about the school shark, blue warehou, hapuku and monkfish 
estimates. The figures are still very useful, however, as they at least 
provide an indication of what the sustainable yields from each region are 
likely to be. For the purposes of the report, Pegasus Bay is included in 
the Canterbury Bight region. 
If the Canterbury Bight fish resources are to be equitably shared 
between fishermen, then it is necessary to rationalise the catch from each 
area within the region. This may not be of such major importance for the 
trawl fleet, as trawlers frequently fish in other areas. It is an 
important consideration for the set net fleet, however, as few set net vessels 
fish far from the home port. It.is ·necessary, therefore, to devise some 
means of allocating the region's TACs between the different ports. 
1.;1:5 
One reasonably equitable way of doing this is to allo~ate a_TAC on 
the basis of each port's historical contribution to the regional catch of 
that species. By averaging the Lyttelton landings over some appropriate 
time period, therefore, and then changing this catch by the percentage 
indicated in the report, it is possible to derive suitable estimates of 
Pegasus Bay's "share" of "the interim and long-term TACs for the Canterbury 
Bight. The percentage catch change· to achieve the rACs is calculated in 
the report using 1981-82 average annual landings as an indicator of the 
present 'catches. Mean 1981-82 Lyttelton landings are also used 
to.calculate Pegasus Bay's share of the Canterbury Bight TACs. Pegasus 
Bay's share of these TACs for the main species caught by the set net fleet, 
and for which regional TAC estimates are available, are shown in Table 6.3. 
(c) Total allowable catches for Pega-sus Bay set net fishermen 
The next factor which is of critical importance in determining the 
optimum yield for the rig fishery is the relationship between the estimated 
rig TACs and the amount of rig taken by trawlers. 
It is seen in Table 6.1 that the 1981-82 average annual trawl rig 
landings is approximately 74t. This clearly exceeds the estimated interim 
TAC for Pegasus Bay and it is even higher than the long-term TAC. Under 
the present circumstances, therefore, the TACs are exceeded by the trawl 
haryest alone. 
The important point about the trawl rig catch is that it is taken 
incidentally while target fishing for other species. Thus, the only way 
of decreasing the trawl rig catch would be to increase the mesh size to 
allow greater escapement, reduce trawling activity in the areas inhabited 
by rig, or reduce trawling activity in all of Pegasus Bay. I do not believe 
that it would be beneficial to implement any of these measures simply to 
ensure that the rig resource is harvested sustainably. The goal of 
management must be to optimise the returns from a region's fisheries as a 
whole, rather than optimising one at the expense of another. Trawl effort 
must, therefore, be regulated in accordance with the needs of. all the 
region's fisheries and it cannot· be decreased simply to ensure that rig are 
not overfished. Since trawl rig landings constituted only about 4% of the 
1981-82 average annual Lyttelton trawl landings, it would not be reasonable 
to require trawlers to fish to avoid ·rig •. Not only could this result in a 
large economic loss, but it is also unlikely to be effective in reducing 

























Required catch changea (%) Total allowable catch (t) 
Interim Long-tenn Interim Long-tenn 
-75 -69 53.5 66,3 
-14 -14 73.8 73.8 
-40 +SO 87.5 218.7 
-43 . -43 60,9 60.9 
+20 +20 125.2 125.2 
-20 -20 24.6 24.6 
-17 -17 44.9 44.9 
+ 8 + 8 264.4 264.4 
-20 +140 60.0 180.0 
b Assumed for these purposes, that all fish recorded as "warehou" are blue warehou (SerioleZZa brama). 
c Assumed for.these purposes, that "flats unspecified" is composed of the same ratio of flounders to soles, as 





rig catches very much, as rig do not a~pear to inhabit a clearly defined 
area. They move about extensively. 
In the report prepared for the·NAFMAC, the NZFIB provided_estimates 
of the number of full-time vessels less than 30 m long, that each region 
can support, given the estimated TACs. These estimates indicate that there 
is a need for a substantial reduction in the number of full-time vessels 
working in the Canterbury Bight region. If trawl effort reductions do 
occur as recommended, then the rig catch could decrease. With the 
uncertainty surrounding both the scale of trawl effort reduction and the 
effect that this will have on rig catches, it is impossible to predict how 
much trawl rig catches will decrease by. I would suggest, however, that 
it is very unlikely that it will even be reduced this far. It seems 
probable, therefore, that the rig TAC will continue tq be taken by trawlers 
alone. Thus, the amount of rig available to set netters must, on . 
biological grounds, be regarded as zero. 
The most important by-catch species taken by rig •fishermen is_ school 
shark. This is taken in considerable quantities by set net fishermen as 
indicated in Tables 6.1 and 6.2. Trawlers ~lso take significant quantities 
of this species as a by-catch, but they do not harvest the entire interim 
or long-tenn TACs. Thus, unlike rig, it appears that there is scope for 
exploitation of this species by set net fishennen. Tables 6.1 and 6. 3 
suggest that set net fishermen could harvest approximately 45-50 t of school 
shark without overfishing the species. 
Elephant fish are another major by-catch species in the fishery, 
particularly for Group A fishermen. No TAC estimates are available for 
this species and so it is impossible to derive quantitative estimates of 
the amount of elephant fish available for harvest by trawl and set net 
fishennen. The stock does not yet appear to have fully recovered from 
the collapse which occurred in the mid 1970s ~nd so it is very 
unlikely that the interim TAC would be higher than present catches (A. Coakley, 
pers. comm.). 
Spiny dogfish are also a significant by-catch species in the fishery; 
far more significa~t than recorded landings would indicate, as much of the 
catch is discarded at sea. No TAC estimates are available for this species 
either. Spiny dogfish are abundant off the Canterbury coast, however, and 
are as yet only exploited lightly. It is probably possible to 
increase catches considerably without ov~rfishing the stock. 
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All other by-catch species caught by rig fishermen appear t0 form 
only a very minor part of the total catch (see later for explanations of 
tarakihi and warehou catches). Catches of most of these species also 
need to be reduced in the short-term; flounders ~nd soles are the two 
exceptions. In the long-tenn, flounders, sole~, tarakihi .and red gurnard 
catches may be increased, s~me substantia~ly, but other species require 
permanent catch reductions. 
Although the TAC estimates used in this study are based on the best 
information which is available at present, there is considerable uncertainty 
about the accuracy of the estimates.· Unde~ these circumstances it would 
seem prudent to be conservative when deciding upon appropriate TACs for the 
fishery. 
B. Economic aspects 
(a) Rig 
Several important points have arisen from the preceding sections. 
First, trawlers alone will probably harvest both the interim and long-te~ 
, .. 
rig TACs. Second, they will take this fish as a by-catch, which is probably 
only avoidable at considerable economic cost. Third, the ffshery can be 
expected to generate significant economic losses in the future if it continues 
in its present form. 
One important conclusion to emerge from these points is that since 
trawlers will take rig as a by-catch, they will not only harvest the entire 
rig TAC, but they will harvest it at the lowest possible cost. No resources 
will be specifically used to catch the rig TAC, but it will probaply still 
be taken. Under the present circumstances, therefore, it would be impossible 
to harvest the rig TAC with any greater ~conomic efficiency. In view of 
these factors, I would suggest that unless the trawlers take considerably 
less than the rig TAC, which is unlikely, the bioeeon.omia optimum rig harvest 
will be what the trawlers catch. · Even if they do catch significantly less 
than the TAC, their catch could still represent the ~ioeconomic rig catch, 
as it would enable the rig stock to recover more quickly. 
(b) Other species 
While the set net rig TACs must, on bioloe~czl ~nd economic 
grounds only, . be- .regarded as zero, it ~-s see:~ t?.·,.,.r-L .,.:. .. :, j (;;~ 6 .1 and 
6.3 that there is scope for set net e.x1J::citr..1:.-: ,.~ :_,.:-·t.: :rec~.es 
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without overfishing the stocks. It is necessary to determine 
how many fishing op~rations these resources could support and provide 
reasonable returns to capital and entrepreneurship to. Since Group C 
vessels are assumed to have been eliminated from.the fishery, estimates are 
only provided for Groups A and B. 
The following calculations are complicated by two factors. The 
first is that it is not known how target fishing for species other than rig 
would alter the fishing costs data use4 in earlier analyses. It is 
necessary, therefore, to assume that the fishing costs presented in the 
earlier analyses will not alter signi~icantly ~ith a change in the target 
species. 
The second factor is that it is not known what .the catch composition 
would be if fishermen sta~ted target fishing for some species. For t~is . 
reason, each species is treated separately. The estimates provided are 
estimates of the number of vessels that each species' TAC could support, if 
vessels fished for that species for the full 14 week period • 
• The number of fishing operations which could be supported will also 
vary depending on the ownership arrangements of the vessels involved. 
Both the number of sole owner-operated vessels and the number of partnership 
owner-operated vessels that the resources could support are estimated, 
therefore. This requires some adjustments to the costs data seen in 
Tables 5.4 and 5.5 and to the income equations seen in section 5.3.3, as 
some operations which provided data had wage costs while others did not. 
If it is assumed that the average wage costs of all sole owner-operated 
vessels would be equal to 15% of the gross earnings, then the in-come 
equations for sole owner-operated vessels are: 
.YA = 0.51 XA 





To determine the partnership owner-operated vessel income equations, it is 
necessary to deduct wage costs al together. Thus, the i·ucome equations for 
partnership owner-operated vessels are: 
YA= .o.6s·xA - 4980-




Returns to entrepreneurship and capital are again estimated at $4040 per 
owner and lOgo respectively, as in section 5.3.5. Once again, only 14/52 
of Group A's total annual return to capital is assigned to the set net 
season. 
The revenue which the average Group A and Group B operation would 
require to obtain a minimum reasonable return to capital and entrepreneurship, 
based on1 these data and the above income equations, is shown in Table 6.4. 
Table 6.4 Gross earnings required to provide Group A and Group B operations 
with a miniml.llll 'reasonable' income. 
Return to Return to Minin:ium Minimum 
Group capital entrepr. net required ($) ($) income revenue 
·($) ($) 
A 
(a) Sole owner- 640 4040 4680 18,940 operated 
(b) Partnership 640 8080 8720 21,080 owner-operated 
B 
(a) Sole owner- 1870 4040 5910 42,170 operated 
(b) Partne:rship 1870 8080 9950 37,690 owner-operated 
Using this information it is now possible to obtain the required estimates 
of the- numoei' of ·vessels that the--available resources could support. 
It was noted in the previous .section that once the trawl by-catch of 
sc!~Dc::. sha:rk is ·deducted• from the schbol shark TAC, there is still approximately 
1,s--:~C ·1. ,,:,f fish remaining for set net fishennen. Large and small school 
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shark trunks usually sold for about $1. 90/kg and $2. 60/kg respectively in 
the 1982-83 season (G. Morris, pers. comm.), and so it is probably of a 
high enough value to support some fishermen. The main P!oblem with this 
species is that it frequently shows strong patte~ns of seasonal abundance. 
It may not be sufficiently abundant, therefore, to support fishermen over 
an extended period. Commercial catch data show that set net school shark 
catches remained relatively constant over the November-February period in 
1981 an~ 1982, however, and so it may be abundant enough to support some 
operations for at least 1-2 months each season. 
Fishermen who have target fished for school shark in the past have 
found that school shark usually comprise 80~95% of the total catch (W. 
Matthews, G. Morris, pers. comm.). Approximately 80-90% of the school 
shark catch is composed of small fish (G. Morris, pers. comm.). Hapuku is 
the major by-catch species with all other species forming only a very minor 
part of the total catch (W. Matthews, G. Morri~,,pers. comm.). Hapuku 
usually sold for about $2.20/kg (headed and gutted) in the 1982-83 season. 
If it is assumed that 
(i) school shark would compose 85% of the total catch, with 85% of 
the fish being small; 
(ii) large school shark trunks fetched an average of $1.90/kg and 
small school shark trunks fetched an average of $2.50/kg in the 
1982-83 season; and 
·(iii) that the remainder of the catch would be worth approximately 
$2.00/kg headed and gutted, 
then the port price and catch data can be combined to obtain an average 
port price for the catch as shown in Table 6.5. 
Using this data and the revenue data shown in Table 6.4, it is now 
possible to estimate the amount of fish that each operation must catch to 
obtain reasonable returns to capital and entrepreneurship, . and tl1erefore, 
the number of operations that the school shark TAC could support. These 
data are shown, in Table 6.6. For the purposes of the calculations, the -
school shark TAC for set net fishermen is estimated to be 47t. 
Spiny ,:ogfish is ,mother species which- has the biological potential 
to Sli.?Y.•'.nt · some fishc::men. There is local evidence of increased interest 
145 
Table 6.5 Estimated catch composition and average port price of catches 


























a Estimated average for the 1982-83 season. All port prices are converted 
to green weight equivalents, using unpublished.MAP conversion figures. 
in the species, and one processing company in Timaru has begun exporting it. 
During the 1982-83 season, fishermen usually obtained approximately 80~/kg 
for dogfish trunks. This makes it of low value compared to other species, 
but the price could increase if rig catches continue to decline, or if 
target rig fishing ceased. At present, however, there is still a limited 
demand for the species and if large qu~ntities were landed it is doubtful 
wnether all of the fish could be sold without a significant decrease in 
the price or indeed even sold at all. If set net landings were able to 
double from 13 t to 26 t without adversely affecting the port price, then 
the species could support one Group A operation for a full season, or the 
equivalent thereof, or one Group B operation for half of one season, or 
the equivalent thereof (see Table 6.6). Thus, at present, it does not 
appear that the species can provide the basis for a significant fishery. 
Although none of the rig fishennen target fished for tarakihi in 
the 1982-83 season1 , the MAF records show that approximately 46 t of 
tarakihi was landed by set net fishermen in the 1981-82 season. Some set 
1 The mean· green weight of tarnkihi lan,:!ec by Group A and Group B 
operations in ~he i982-83 season was :s !zg and 18 kg respectively. 
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net target fishing for tarakihi has taken place in Pegasus Bay in the past 
but it is not thought to have occurred on the scale required to produce 
landings of this magnitude (A. Coakley, G. Morris, pers. comm.). There is 
a possibility, therefore, that the 1981-82 season's set net tarakihi 
landings .are the result ·of a coding error or, alternatively, that some 
vessels have caught tarakihi in another area (e.g., Kaikoura) and 
consistently landed them at Lyttelton. However, since the catches may have 
actuall~_been taken from Pegasus Bay, and since all other estimates have 
been based on the 1981-82 annual average, the number of fishermen that this 
species' TAC could support is estimated. 
Table 6.3 shows that although the tarakihi catch can increase 
substantially in the long term, it needs-to be reduced from about 150t to 
about 90 t in the short tenn, to allow the stock to r~cover. Since 
tarakihi is a target species of the local trawl .fleet, the trawl fleet could 
avoid catching the species. Thus, the set net TAC is calculated by 
reducing both trawl and set net catches by the same percentage (40%). This 
results in a tarakihi TAC for set net fishermen of approximately 14t in the 
short term. 
The major problem encountered when trying to estimate the number of 
fishennen that the set net TAC for this species could support is that there 
is insufficient information to determine what the catch composition would 
be. Mr G. Morris, a local commercial set net fisherman who has target 
fished for tarakihi in Pegasus Bay, found that the catch composition varied 
widely over very short intervals. On some occasions, the catch was 
almost exclusively composed of school shark. Significant quantities of 
blue warehou were also caught _on occasions. Mr Morris was, however, 
fishing with 178 mm and 228 mm mesh :i.ets. At Kaikoura, tarakihi are 
usually fished with 117-139 nun mesh nets (Irwin, 1982). These sized nets 
would produce a different catch composition again. Very little school 
shark would probably be caught in these nets. Species such as blue warehou 
and red gurnard would probably be more important. 
With this variation and uncertainty, it is considered impracticable 
to estimate what the. catch composition would. be. The. estimates ... shown in 
Table 6.7 are based on the tarakihi set net TAC only, therefore; no account 
is taken of the earninp;s which by--catch species would provide. This will 
resul~ in a.!1 underestimation of the number of ope:cations .that this TAC could 
;;, tij)p-;1::.:t. :::stimates are based on the average port price paid to fishermen 
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for tarakihi in the 1982-83 season; $1.30/kg gre~n weight (G. Morris, pers. 
comm.). 
Warehou is another ~pecies which formed o~ly a very minor part of rig 
fishermen's catches in the 1982-83 season, but which was taken in much 
greater quantities (approximately 20 t) by set net fishermen in the 1981-82 . . 
season. Catches of this species in the 1981-82 season, correlate very 
closely with the tarakihi catches and so it seems likely that the fish were 
✓ • 
taken as a by-catch while target fishing for tarakihi. Present blue 
warehou catches must also be·reduced considerably (43%) in both the short 
and long term, but even the current set net harvest is of virtually 
insignificant importance as the species was only worth about 90~/kg green 
weight to fishermen in the 1982-~3 season. It will probably be taken as a 
by-catch at present, therefore~ and it is not likely that the species will 
supplement fishermen's income to any great extent. 
Of the species examined in this study, flounders and soles offer the 
greatest potential (next to spiny dogfish) for catch increases in the short 
tenn. It is estimated that catches of these two groups of species could 
increase by 20% and 8% r~spectively, without qverfishing the stocks (Anon, 
1983). 
.Although fishennen obtain good prices for flounders and soles 
(approximately $2.00/kg green weight.and $2.30/kg gre~n weight respectively 
in the 1982-83 season), even the above increases provide only very small 
set net TACs for these species if catches are increased in proportion to the 
average 1981-82 annual catches; the set net flounders TAC would be only 
about 11 t, and the set net soles TAC would be only about 2 r,. Most of 
the s~~ net catch of these two groups of species has traditionally been 
taken by flounder and sole fishermen working inside Lyttelton Harbour. 
Some of these fishermen have probably been excluded from commercial fishing 
as a result of the first national effort reduction step. No attempt is 
made to estimate the number of operations that these TACs could support; 
first, because the number of fishermen which have been excluded is unknown, 
and second, because fishing costs a,re expected ·to change considerably i.f 
fishermen did begin to target fish for this species (e. g, , fue 1 costs would 
probably decrease substantially}. 
· 'l'1rn- nu:tlber of operations that the TACs examined above could support 
~re s~n.,Gtarised in Table 6.6. It must be stressed that there i5 considerable 
Table 6.6 Number of operations that school shark and tarakihi total allowable catches and -spiny do~fish 
resource could support for a full season. 
Group 
Minimum required green weight 
per operationa (t) Number of operationsb 
School sharkc rarakihid Spiny 
d~gfishe 





operated 13.0 13.5 23. 7 3.6 1.0 1.1 
(b) Partnership 




32,4 52.7 1.6 0.4 0.5 
(b) Partnership 
owner-operated 25.8 
·29.0 47.1 1.8 o.s 0.6 
a Catches required to provide operations with a minimum reasonable return to capital and entrepreneurship. 





c These are school catches only. Total required catches from the top to the bottom of the table are 15.3t, 17.0t, 
34. 0 t and 30. 4 t. 
d Calculations assume that there is no by-catch. The number of operations that this TAC could support will be 
underestimated therefore. 
e Assumed for these calculations that the set net catch of spiny dogfish could double without adversely affecting 





uncertainty associated with these estimates. Since very little target 
fishing has occurred for these species, neither the catch compositions nor 
the availability of these species can be predicted with a~curacy. Port 
price and demand trends are also uncertain. Al~ of these factors will 
have a large impact on the number of operations that the available TACs can 
support. Much of this uncertainty would be removed if fishermen began to 
target fish for the species which the estimates in Table 6.6 are based on. 
Thus, thf number of vessels which the TACs can support could be estimated 
with much greater accuracy after even one fishing season. For the present, 
however, it is essential to at least obtain some indication of how many 
fishermen the resources might be able to support in the short term. This 
is the only purpose of the above calculations. 
C. Other aspects 
Very little infonnation is available on recreational·fishing and 
traditional fishing rights in the Pegasus Bay area. The major species 
. . 
caught by rig fishennen are not thought to be taken in any significant 
quantities by recreationalists, however, and they are not thought to be of 
great traditional significance to any particular sector of the community. 
If it became evident during the fisheries management planning process that 
either of these interests was important, then the above estimates would 
need to be revised. For the present, however, this does not seem to be 
necessary. 
Of all the factors which could influence the estimates provided 
above, the two most significant are, I believe, fishermen's dependence on 
the fishery and their ability to find alternative employment. The degree 
to which the$e factors should modify the yields and level of effort in a 
fishery is very much a matter of opinion. My own opinion, however, is 
that if there is a need to reduce fishing effort, either to reduce pressure 
on a stock or to provide fishermen with reasonable incomes, then these 
reductions should occur, unless fishennen would suffer undue financial 
hardship as a result of being excluded from the fishery. 
Group A operations are owned by full-time fishermen. It appears 
from the survey that these fishermen earn between 25-40% of their annual 
gross earnings from the set net fishery. Since fishing costs are 
significantly less when set netting than when t::rawling (m~i;;_nJ.y because vf 
.L;JV 
the lower fuel costs), it is likely that the set net season provides these 
fishermen with an important part of their income. If excluded from the 
fishery,. it is expected that they would return to the trawl fleet for this 
period. 
Group B fishennen do not fish full-time. They all have al ternat:tve 
occupations during the off-season and many are self-employed. In view of 
the very low returns that most Group B operations obtained during the 
I 
1982-83 season, it seems very likely that _most Group B owners could have 
earned greater profits from their other occupations during· this period than 
they did from the fishery. However, the fishery may well provide some 
owners with an important part of their income. 
If a Group B fisherman was excluded from fishing, he would still 
have to meet some co~ts, e.g., interest on any loans. The real costs 
would not be as high as the fixed costs figured in Table 5.5 would 
inditate. Most of Group B operations' fixed costs are composed of 
depreciation costs and, if the vessel and nets were idle, the real decline 
in asset value would be considerably less than than estimated in the table. 
If excluded from fishing, it is extremely unlikely that a·fisherman would 
be left unemployed during the fishing season. 
One group of fishennen about which very little has been said so far, 
is the full-time set net fishennen. These fishermen were placed in Group C 
in earlier discussions as there are only two known full-time set net 
fishermen and neither of these fishermen was target fishing for rig during 
the 1982-83 season. One of these fishermen was target fishing 
for rig during the 1983-84 season. Since the scope of this study has now 
broad~ned to include all set net species, it is important to consider these 
fishermen. 
These two fishermen are, I would suggest, more dependent on the set 
net fishery during the summer months than any other group. Neither has 
alternative employment and neither is geared to join another.fishery if 
excluded from the set net fishery. The hardship which would result if 
these fishermen were-excluded from the fishery would depend on their 
ability to find another job. The consequences of excluding them from 
the fishery are, hm-iever, harsher than for either the· other two groups; as 
,. ~- "' 
~hey are the vnly group of fishermen which would be left unemployed. 
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Another factor which must be examined is the effect that excluding 
fishennen would have on other fisheries. This is also a v'ery important 
determinant of how the yields and fishing effort should be modified. 
If Group A operati?ns were excluded from the fishery, they are likely 
~ 
to return to the trawl fleet. I see no reason why they should be prevented 
from doing so. Since the trawl fisheries in the Canterbury Bight region 
are als~ under stress, it would seem to be unwise to increase 
effort in these fisheries even further, unless there were very good reasons 
for this. Removing the Group A fishermen from the set net fishery, 
therefore, would simply result in a shift of fishing effort from one 
stressed fishery to another. While it may solve some of the problems in 
the set net fishery, it would not alleviate the problems of the region as 
a whole; it would only change them. 
If the full-time set net fishermen or Group B fishermen were excluded 
from the set net fishery, it is very unlikely that "they would be able to 
obtain a permit for ancther fishing method. Assuming that these fishermen 
would not be able to join set net fisheries in other areas, then the removal 
of either of these groups would result in an overall decrease in fishing 
effort in the region. 
D. Summary 
It appears from historical catch data that the trawl rig catch alone 
will exceed the estimated interim and long-term sustainable rig TACs. 
This catch is unavoidable, as it is a by-catch. Because trawlers will 
take the TAC as a by-catch, they will harvest the TAC at the lowest possible 
cost. 
It seems likely that other species can be exploited by the set net 
fleet without being overfished. The total quantity of fish which can be 
harvested without overexploiting the species is small, however. Of the 
significant by-catch species, only spiny dogfish appear to be capable of 
accommodating increased catches. While school shark catches must be 
reduced, there is scope for exploitation of this species by set net fishermen 
without overfishing the stock. Some increases in landings of the minor 
by-catch species are possible in both the short and ··long term. Several of 
these latter species are major trawl species and not a11 of t!-ie increased 
allowable catch can be expected to be available to set net fishe11nen. 
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If the assumptions used in the calculation of set net TACs are 
accepted, then it appears from Table 6.6 that there is a very limited 
potential for these TACs to support cowJUercial fishermen.· They could 
perhaps support five or six Group A operations, or two or three Group B 
operations. School shark seem to offer the greatest potential at present, 
but in practice they may not be sufficiently abundant to support fishermen 
all season. Nevertheless, a small number of fishermen could probably earn 
a reasonable living, if they fished for other species (e.g., tarakihi) when 
school shark were not abundant. Some species not examined (e.g., butterfish 
and moki, Latridopsis eiUaris) could also support fishermen for .short 
intervals during these times. As stocks recover and marketing barriers are 
overcome, the fish resources in the area could probably support a greater 
number of set net fishermen than is possible at present. 
Very few of the fishermen would be left unemployed if excluded from 
the fishery. Most are not expected to suffer financial hardship if 
excluded either. I believe that this is substantiated by ~he fact that a 
number of fishe11Ilen who fished full-time or virtually full-time during the 
1982-~3 season, fished very little or voluntarily ceased fishing altogether 
in the 1983-84 season. If the set net season provided these fishermen with 
a vital part of .their income, then this would not have occurred. In 
general, however, the full-time set net fishermen are probably more dependent 
on the fishery than either of the other two groups of fishermen, and Group A 
operators are probably mere dependent on the fishery than Group B operators. 
6.3.2 Managing for Optimum Yield 
A large number of regulations may be used to achieve management 
objectives. These regulations may be classified into two general groups: 
(a) Regulations affecting the composition of the catch 
(i) mesh size restrictions 
(ii) closed seasons and areas 
(iii) size, sex and condition limits. 
(b) Regulations affecting the size of the· catch. 
(i) catch quotas 
- total 
- individual 
(ii) effort control 
- restrictions on the type and deployment of gear 
- restrictions on the number of vessels. 
Any one of these regulations may be used singly, or it may be used in 
9ombination with other regulations. 
A. First step towards attaining the optimum yield 
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The existing biological problem in the Pegasus Bay rig fishery is 
that tq.e harvests of most species are too large.. The cause of this problem 
is too much fishing effort. Implementing regulations to affect the 
composition of the catch will not overcome the problem therefore, because 
these regulations do not address the cause of the problem. Thus, as a 
starting point, it is necessary to examine means of regulating the size of 
the catch. 
(a) Catch quotas 
(i) Total quotas. Total.quotas are.frequently used by regulatory 
agencies as a conserv~tion measure. They are usually biologically effective . 
as once a quota is.reached fishermen are required to target fish for other 
species or cease fishing altogether. 
To reduce catches to sustainable levels in the Pegasus Bay fishery, 
it would be necessary to set quotas at or near to the estimated TACs. Since 
the total of all set net TACs is much smaller than could possibly support 
the existing set net fleet, total quotas are likely to generate severe 
competition. Some fishennen may withdraw from the fishery, but those left 
would be encouraged to increase their fishing effort, to obtain the largest 
possible share of the quotas. 
Competition for total quotas would have a number of adverse 
consequences. First, it would lead to a decline in the economic efficiency 
of the fishery. This would result from an increase in the costs of 
catching the fish (through excessiv~ deployment of fishing effort) and from 
an increase in the time that vessels and nets are idle. Since many vessels 
are already idle for all but three or four months each year, it would not 
seem to be wise to reduce their use further if this could be avoided. Second, 
it would reduce fishennen's incomes. This again results from an increase 
in fisning costs and a decrease in the time taken to harvest the quotas. 
Tl!ird, it would create decreased and less stable employment in the fishery. 
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This also arises from a decrease in the time taken to harvest the quotas and 
it causes additional adverse consequences for those who are dependent on the 
fishery. Finally, increased competition could be expect~d to generate 
increased conflict over gear use, both between set net fishermen and between 
set net and trawl fishennen. 
To be successful in achieving biological sustainability, it would 
probably be necessary to impose a quota on all species which are capable of 
I 
being taken in significant quantities by set net fishermen. Imposing a 
total quota of zero on rig for instance, may be effective in achieving the 
required catch reductions for rig, but without setting a quota all other 
species as well, the effect would simply be to transfer effort to other 
stocks. For most species, the TACs are so small that it would be 
impracticable to have a quota. The costs of enforcement relative to the 
benefits of setting quotas would probably not ~ake such a scheme cost-
effective. Imposing a total quota on certain species without dividing the 
quota up betw~en different fishing methods would promote conflict between 
trawl and set net fishermen. There ls already considerable conflict between 
these two groups of fishermen and aggravating the problem is to be avoided 
if possible. 
By themselves therefore, total quotas are not considered to be a 
satisfactory means of regulating the size of the yields in this fishery. 
They would cause a deterioration in economic and finan=ial conditions, and 
because they are unlikely to be enforceable, they would probably not 
establish a sustainable harvesting regime. It is expected that total 
quotas would also promote conflict over gear use. 
(ii) Individual quotas. An alternative fonn of quota control is 
individual quotas. Individual quotas avoid a number of the adverse 
copsequences of total quotas and they appear to offer substantial potential 
for greatly improving the utilisation of fisheries resources. 
This type of regulation is not considered in detail here, for the 
simple reason that I do not believe that individual quotas are enforceable 
at present.· Wholesaling and retailing companies are not :required to send 
details of their purchases from individual fishennen to any regulatory body 
and so it would be impossible to determine when a fisherman had reached his 
quota of ei ~her one species or a.11 species. Relying on commercial return 
forms would be entirely inadequate. There could be considerable delay 
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between the time a quota was reached and the time this was detected. 
Furthemore, fishennen would probably under-report their catches, particularly 
when they neared their allocation of fish. The result would be that the 
system would not be effective in achieving biologically sustainable harvests 
and the quality of catch and effort statistics would decline. Unless any 
management system is en~orceable, then there is very little chance that it 
will be successful. Until such time as individual quotas are enforceable, 
therefore, there is very little point in implementing them. 
(b) Effort controls 
(i) Restrictions on the type and deployment of gear. Regulations 
of this type include measu~es such as mesh size restrictions, closed seasons 
and closed areas. These regulations can also be an effective means of 
controlling the size of the catch. 
Closed areas are considered to be a poor means of reducing set net 
catches to sustainable levels in the Pegasus Bay fishery. Most set net 
species do not appear to inhabit a clearly defined area within the bay.and 
so it would be necessary to close large areas to achieve significant catch 
reductions. Concentrating fishing effort into small areas would r~duce the 
amount of fish available to each unit of effort. Thus, it would take more 
effort to catch the same amount of fish. Closed areas would reduce 
fishermen's incomes and economic efficiency therefore, as they would raise 
fishing costs. Concentrating fishing effort into small areas would also 
create increased conflict over gear use. 
Closed seasons have a number of consequences which are similar to 
those associated with total quotas and closed areas. They too would have 
a number of disadvantages. 
One major problem which would be encountered if closed seasons were 
use<¾ as a means of regulating the size of the catch, is that it would be 
difficult to determine how long a season should remain open. Historical 
catches would not be a reliable indicator of the time it would take to 
harvest any one of the TACs as the very existence of a closed season would 
change the fishermen's behaviour. · Since the TACs are very smali, 'it would 
be n~cessary to monitor landings closely, to determine when a season should 
be closed. The small size of most TACs would also make the regulations 
complex, as seasons would-inevitably be very short. AU of these factc-rs 
would make both administration and enforcement difficult and costly. In a 
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fishery as small as the Pegasus Bay rig fishery, I do not believe that this 
can be justified. 
If fishermen knew that they had a limited time available to catch a 
species, then they would behave in much the same way as if a total quota 
existed.· Fishing effort would be excessively deployed during the season 
to catch the largest possible quantity of fish. The inevitable·result of 
these measures, therefore, would be a decline in both individual incomes 
and economic efficiency. If closed seasons were as short as is expected, 
then the consequences of mechanical breakdown or temporary illness could 
also be serious for those who are dependent on the fishery for an important 
part of their income. Once again, gear use conflicts would be accentuated 
if these regulations were implemented. 
Other regulations in this group affect the type of gear which_ can be 
used. Mesh size restrictions and banning monofil~~ent nylon mesh are two 
such measures which could be employed in the Pegasus Bay fis~ery. These 
regulations are not considered in detail here. They could only restrict 
catches to sustainable levels by reducing the catching efficiency of the gear 
substantially and thus they would have very similar consequences to all 
other regulations in this group. 
Overall, it is not considered possible to attain the optimtnn yield 
with these regulations alone. All of the regulations would reduce 
fishermen's incomes and economic efficiency a~d some would promote increased 
conflict over gear use. Administration and enforcement would also be 
difficult and costly if some of these ~easures were implemented. 
(ii) Limiting the number of vessels. Two points which have emerged 
so far are of fundamental importance for determining the optimum yield. 
First, it will be impossible to harvest the resources sustainably and provide 
fisheI1nen with reasonabl~ incomes without reducing the number of vessels in 
the fishery. The TACs are simply too small to support the existing fleet. 
Second, if the number of vessels is not reduced, any attempts to achieve 
sustainability will promote severe competition. While competition is 
severe, fishermen's incomes and economic efficiency will continue to 
decline and conflict between gear users will increase. Administration and 
enforcement will also become more difficult and more costly. 
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If the number of vessels is not reduced, the best that can be 
achieved is biological sustainability. If the fleet is reduced, however, 
it is possible to achieve sustainability, provide fisherm~n with reasonable 
incomes and promote economic-efficiency.- Reduc~ng the size of the fleet. 
would also decrease the incentive to expand fishing effort as each fisherman 
would have fewer competitors. This would make administration and 
enforcement less complex and less costly. 
Since many fishermen have alternative employment, I do not believe 
thai'most fishenifen would suffer hardship if excluded from the fishery. 
Excluding some fishermen would, in my opinion, create far less hardship than 
if total quotas or the above effort controls were implemented without 
restricting access to the fishery. Thus, limiting the number of vessels 
in the fishery is considered to be an essential prerequisite to attaining 
the optimum yield. 
The main objection to limited entry programmes is that,by definition, 
they restrict some individuals' freedom to fish and they confer certain 
privileges to those who are entitled to fish. The manner in which entry 
is restricted is very important therefore. 
Entry to a fishery may be limited in one of three ways: first, by 
taxing fishing effort, the catch or the vessel owner; second, by issuing 
licences or permits to a set number of vessels or vessel owners, and third, 
by allocating individual quotas. 
Taxes are not a preferred option for regulating access to the Pegasus 
Bay fishery. Initially, it would be difficult to determine how high any 
one of the taxes should be set so that the 'right' number of vessels was 
left in the fishery. Furthermore, even in the short-term, it could be 
necessary to adjust the tax to keep the rig~t number of vessels in the 
fishery. As a result., administration would probabiy be difficult and 
costly. Taxes which were high·enough to force fishermen out of the fishery, 
would also reduce the incomes of the remaining fishermen. Returns are 
already poor and any further reductions are regarded as detrimental in the 
short-term. Any measure which reduced fishermen's profits would also 
generate the need for further regulations., as it would encourage fishennen 
to increase their fishing efiort. Individual quotas arc also not favoured 
for the reaso:i1s mentioned previously. 
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The most appropriate means of limiting entry in the Pegasus Bay 
rig fishery is, in my opinion, to issue a restricted number of fishing 
pennits. If access was restricted by simply denying some fishermen the 
ability to register their vessels and obtain a fishing permit when next due 
(in October, before the season begins), then additional administrative costs 
would be minimal. Costs are only likely to increase if appeals were lodged. 
This method of limiting entry was u~ed recently to exclude a number of 
part-time fishermen from the inshpre fishing industry (including some from 
I 
the Pegasus Bay rig fishery) and it could be readily employed to exclude 
further fishermen from the fishery. Enforcement would not become any more 
difficult or costly than at present and the fishermen which did obtain 
permits would not face any extra costs. 
There are a number of details relating to limi~ed entry systems 
(e.g., whether to make permits transferable, whether to issue permits to 
vessels or fishermen) which are not pursued here. The reason for this is 
that any changes in the present system of permit issue and vessel registration 
are more likely to be matters of national policy. The important task at 
present is to determine which and how many fishermen should be entitled to 
remain in the fishery. 
The First Schedule of the Fisheries Act (1983) states that: 
'~ny fishery management plan may ••.. 
(d) Establish a system for limiting access to the fishery to persons 
~ho can satisfy the Director-General of their eligibility having 
regard to the following criteria or such of these as may be 
specified in the plan: 
{i) Present participation in the fishery. 
(ii) Historical fishing patterns and dependence on the fishery. 
(iii) The economics of the fishery. 
(iv) The capability of fishing vessels being used, or intended 
to be used in the fishery, to operate in other fisheY~es. 
(v) Any other relevant considerations." 
The "other relevant c011siderations 11 which are examined in this study are 
economic efficiency, the effect on employment, the nature of the participants' 
fishing practices, and the effcct'on ·other fisheries. 
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The weighting which is assigned to each of the above considerations 
is a matter of opinion. In my opinion, however, dependence on the fishery 
is the most important consideration. For this reason, I believe that it 
would be desirable to enable- full-time set net fishermen to remain in the 
fishery. It is unlikely that these fisheTIDen would be able to obtain a 
permit to fish in another fishery and, as a result, they would be left 
unemployed if removed from the fishery. They are the only group of fishermen 
who wou~~ be unemployed if excluded from the fishery. Since there appear to 
be enough fish to support all of these fishermen, I believe that they should 
be give~ priority to remain in the fishery. 
Of the remaining fishennen, I believe that it would be preferable to 
enable Group A fishermen to remain in the fishery rather than Group B 
I 
fisherrnen. There are a number of reasons for this •. First, at least some 
of the Group A fishermen seem to rely on the fishery for an important part 
of their income. Some Group B fishermen may also rely·on the fishery, but 
this is considered less likely. Removing Group A operators from the fishery 
would improve the incoree of Group B operators, but decrease the income of 
Group A operators and all •ther trawl fishermen. In view of the fact that 
Group B operators have alternative employment, I do not believe that this 
is acceptable. The first obligation as I see it~ must be to protect the 
livelihood of full-time commercial fishermen. 
The second reason for favouring the exclusion of Group B operators 
before Group A operators is that fishing pressure would increase in other 
fisheries if Group A operators were excluded from the set net fishery. 
Some effort would be removed from the set net fishery if Group A fishermen 
were denied set net permits, but this effort would simply be transferred to 
the trawl fisheries which are also •.mder stress. The overall level .of 
effort in the region would probably not change very much, therefore, if Group A 
operators were removed from the fishery. 
The third reason is that Group A fishermen catch their fish with much 
greater efficiency. They caught considerably less fish tha~ Group B 
operators during the 1982-83 season, but still earned a much higher net 
income. It is possible, therefore, to attain both a greater economic 
efficiency and a higher level of employment in the fishery if Group A 
fishennen are allowed into the fishery in preference to ·Group B fishennen. 
The fourth reason for giving prefe~ential entry to Group A fishernon 
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is that their fishing practices are less wasteful, ·biologically. Most 
Group A fishermen .remain at sea with their nets for two or three days and 
bring the nets back to port at the end of a fishing trip. This reduces the 
risk of net loss. If nets are lost in shallow waters such as Pegasus Bay, 
they will roll up after a period of time through the combined actions of the 
tide, weather and captured fish. This reduces the likelihood that fish will 
be caught, but some fish and crustaceans continue to be c_aught even after the 
nets have rolled up (Anon, undated). If lost in deep water, nets are 
( 
unlikely to roll up and may continue to fish or drive fish away from an area 
for a long period of time. The result of losing nets, therefore, can be a 
large waste of fish, both before and after they roll up. 
Even when nets are not lost, a large amount of fish can be wasted if 
fishermen leave their nets set in the bay as Group B fishermen and one or 
two Group A fishennen do. These fishe~en are frequently unable to clear 
their nets for some time during periods of rough weather,and during periods of 
low catch it is common practice for these fishermen to clear their nets only 
every two or three days. This results in a large waste of fish as by the 
time the nets are cleared a significant part of the catch has frequently been 
~ 
eaten by predators, spoiled, or reduced to a low quality. I have personally 
been on vessels where more fish has been discarded because it is rotten, than 
has been landed. This is deplorable at the best of times, but when a stock 
is already stressed it is inexcusable. High quality and reduced wastage 
must be encouraged in the interests of both the fishing industry and the 
consumer, and so I believe that there is good reason to promote these goals 
when given the opportunity. 
During the debate over effort reduction in the inshore fisheries, it 
has frequently been stated that removing part-time fishermen from the 
industry will do very little to reduce f.ishing effort in the inshore fisheries. 
While this may be'true nationally, it is not necessarily true locally. 
Group B operations landed far more fish than Group A operations during the 
1982-83 season, both in total and per operation. Removing part-time 
fishermen from this fishery, therefore, would result in.a large reduction in 
fishing effort and importantly, a larger reduction per operation than if 
full-time fishennen were removed. Thus, removing Group B fishennen would 
also be more effective in reducing fishing effort than if Group A operations 
were excluded. 
Since the moratoritm1 has been in place, only those individuals who 
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held cBrrent permits on 18 March 1982 have been able to fish commercially1 • 
The moratorium has not prevented part-time fishermen from becoming full-time 
fishermen, however. In my opinion, therefore, excluding_ Group B fishermen 
is not unduly discriminatory. The first responsibility as I see it-is to 
protect the livelihood of full-time commercial fishermen. Group B 
fishermen are not in this category because they have chosen not to be. It 
is worth dwelling on the fact that since a moratorium is in place, those in 
the fishery at present are already enjoying certain privileges. Excluding 
Group B1fishermen is no more discriminatory than the moratorium is against 
other individuals who wish to become fishermen. 
In view of the need to limit the number of vessels in the fishery, 
therefore, I believe that there are a number of good reasons for excluding 
Group B fishennen and I do not believe that this is unduly inequitable. 
The Pegasus Bay rig fishery has undergone a number of changes since 
the 1982-83 season. Some fishermen who had only ever fis~ed seasonally up 
until the end of last season (i.e., Group B fishermen) are now fishing full-
time and some who were full-time fishermen are now only fishing occasionally. 
Some fishermen have ceased fishing altogether. It is not known exactly how 
many vessels would be left in the fishery if seasonal fishermen were excluded 
therefore. From what is known about the fishery in the 1983-84 season, 
the exclusion of seasonal fishennen would leave approximately six or seven 
vessels in the fishery. This number is reasonably co~patible with the 
number of vessels that the set net TAcs· are estimated to be capable of 
supporting and is considered to be an appropriate number of vessels for the 
fishery in the short term. If there were more than six or seven vessels, 
then I believe that it would be desirable to remove some Group A fishermen 
from the fishery. 
B. Second step towards attaining the optimum yield 
Limiting entry is considered to be an essential first step for 
attaining the optimum yield in the Pegasus Bay rig fishery. 'Reducing the 
size of the set net fleet will not achieve the optimum yield by itself 
however, as tlie remaining fishermen would almost cert'ainly continue to target 
fish for rig. Rig are of a higher value than any other species caught by 
l There have been exceptions where some individuals have been granted pern1its, 
even though they did not hold a current permit at the time the ":f10:ra.tor:i.11m 
took effect. 
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set net fishermen and with fewer vessels in the fleet, fishennen would 
probably expect to obtain good catches. Furthermore, with.the exclusion 
of Group B fishermen, the port price for rig would proba~ly increase as rig 
landings would decline substantially. This would also encourage fishermen 
to keep target fishing f~r the species. Other species would probably only 
be taken as a by-catch and it is unlikely that the entire TACs for these 
species would be harvested. Thus, rig ~ould still be overexploited and 
most other species would probably not be fully utilised. The first task for 
management,therefore, is to divert fishing effort off rig and on to other 
species. The second task is to ensure that catches of these other species 
are as close to the estimated interim TACs as possible. 
Closed seasons and areas are not considered to be a good means of 
regulating either the species composition or the size.of set net fishermen's 
catches. To be effective, they_ would need to reduce rig catches to the 
smallest possible size, but not inhibit the efficient capture of other 
species. Any· combination of these regulations which was biologically 
effectiv.e would be very complex. It would be difficult to determine and it 
would be both difficult and costly to enforce and administer. The effects 
on economic efficiency, fishermen's incomes and conflicts over gear use 
would not be as severe as those discussed in the previous section, as with 
fewer vessels in the fleet, competition for the fish would not be as great. 
Nevertheless, these regulations are not considered to be a feasible or 
desirable means of controlling catches. 
Another possible means of regulating the species composition of 
catches is to implement mesh size regulations. Ideally, these regulations 
should be based on some knowledge of the relationship between mesh size and 
the efficiency with which each species is caught. Very little mesh 
selectivity work has been done on most species examined in this study. 
While some mesh selectivity trials has been·on rig, the work has not yet 
been completed. However, through experimentation fishermen will generally 
find and use the mesh which catches fish with the. greatest efficiency. 
Thus, some useful information may be obtained by examining the mesh sizes 
whicll fishennen use to catch each species. 
Set net fishermen in the Pegasus Bay area use 228 mm mesh when 
target fishing for school shark. · The major by-ca,tch when target fishing for 
school shark is hapuku. Very few rig are caught in th-is sized mesh. 
Large female rig are sometimes caught, but only occasion~l.J.-y (G. Morris, 
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pers. comm.). By setting a minimum mesh size of 228 mm,therefore, school 
shark could be harvested efficiently and rig catches would be negligible. 
This mesh size regulation would result in too much effort. being exerted on 
school- shark (and probably hapuku as well), however, and other species 
(e.g., flounders) would not be fully utilised. It is also unlikely that 
fishermen could earn reasonable incomes if this regulation was implemented, 
as school shark are unlikely to be abundant 'for the·full season. 
I 
Tarakihi is another species which offers potential to support set net 
fishermen. Very few set net fishermen have target fished for tarakihi in 
Pegasus Bay but at Kaikoura set net fishermen target fish for this species 
with 119-139 mm mesh (Irwin, 1982). Mesh sizes in this range are likely 
to be too small to catch rig efficiently as most rig would not penetrate 
the mesh far enough to become gilled. Some juvenile.rig would be caught 
but, providing fishermen were not target fishing for these fish, catches 
would probably be small. Thus, 119-139 mm mesh would probably catch 
tarakihi efficiently and at the same time prevent most rig from being caught. 
Fishennen also use 128 mm mesh when target fishing for flounders and soles 
and they use 108-139 mm mesh when target fishing £or butterfish (Francis, 
1979; W. Matthews, pers. comm.; G. Morris, pers. comm.). 
It appears, therefore, that rig catches could be greatly reduced if 
mesh sizes in the 140-227 mm range were prohibited in Pegasus Bay. Such a 
restriction would not reduce the efficiency with which most other species 
for which there are set net TACs could be caught. Spiny dogfish and moki 
would probably not be caught efficiently in nets of this mesh size. This 
is unlikely to have any serious consequences in the case of moki as this 
species is not caught in significant quantities by set net fishermen. It 
may have more significant consequences in the case of spiny dogfish but in 
the short term these consequences are unlikely to be serious. 
Since very frnv rig are present in the bay between the end of April 
and the beginning of October, it would not be necessary to have the 
regulation in force during this time. By allowing fishermen to use mesh 
sizes in this range during the winter months, it would be possible to reduce 
enforcement costs and at the same time allow fishermen to target fish for 
spiny dogfish if they wishe_d. Spiny dogfish prices are highest during 
the winter months a;1d at present it is th~ only time that fishennen are likely 
to target fish for the species (W. Matthews, pers. comm.). In my opinion, 
therefoTe, it would not be desirable to have the regul'ation in force over the 
winter P1onths. 
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Mesh size restrictions are frequently regarded as one of the easier 
regulations to enforce. Relative to some·regulations this may be so, but 
I do not believe that they would be easy to enforce in the Pegasus Bay 
fishery. Nets are not concentrated into small areas and many fishermen do 
not bring their nets back to the shore at the end of each fishing trip. 
Thus, mesh size restrictions could be difficult _to police effectively. It 
would probably be possible to determine whether fishermen were fishing with 
prohibited mesh,however,by observing the composition of their catches. 
This could be done at the wharf. 
Neither limited entry nor mesh size restrictions set upper limits 
on the amount of fish which is caught. Limiting entry would reduce the 
total set net catch considerably as it would reduce both the number of 
vessels and the incentive to deploy excessive fishing ~£fort. It is still 
possible, however, that catches of some species could exceed the estimated 
sustainable catches. 
School shark do not appear to be under too much stress in the 
Canterbury Bight region at present, but since this species is an elasmobranch, 
it is probably not capable of withstanding heavy fishing pressure. Fisheries 
for the same species in Australia bear this out (Olsen, 1954 in Holden, 1973). 
There is much to be learned, therefore, from the histories of the Australian 
school shark fisheries, and from the histories of the local rig and elephant 
fish fisheries.· If the school shark stock is to be spared the same fate as 
these stocks, then I believe that there is a need to protect it from over-
exploitation. Fishermen obtain good prices for school shark and so they may 
be encouraged to direct a large amount of their fishing effort onto the species 
if the abbve mesh size restrictions were implemented. They may not be 
abun'dant for long enough to become seriously overfished unless fishennen 
increased their fishing effort considerably. However, this is not known as 
yet and so I believe that it would be prudent to be cautious. School shark 
have a greater potential to support fishermen in the short term than any 
other species and so the consequences of overexploitation could be severe. 
In my opinion, therefore, it would be desirable to introduce a quota 
for set net catches of school shark. The estimated set net TAC for school 
shark in Pegasus Bay is 47 t and so a quota of 40-45 t would probably be 
adequate for the next two or three .years. A total quota of this size could 
probably be enforced. It may induce some e:,tra competition, bu~ since there 
... 
would probably only be about six or seven vessels in the fishery if Group B 
fishermen were excluded, the effect is unlikely to be serious in the short 
tenn. Even if it did create some added competition for the species, I 
believe that it would be very wise to have a quota in place. 
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The need to control. catches of other species will depend on the success 
with which fishennen target fish for school shark. If they target fish 
for school shark successfully, then other species will probably not be 
excessiv~,ly exploited. A large amount of effort could be directed onto 
these other species, however, if fishennen do not target fish for school 
shark successfully. 
Flounders and soles· are not fully utilised in the Canterbury Bight at 
present.· These species are also among ~he most productive of all New 
Zealand's commercial species. With only six or seven vessels in the fleet, 
it is unlikely that there would be serious long-term effects if flounders 
and soles were fished heavily for one or two seasons. The consequences 
could be more serious if a large amount of effort was directed onto the 
tarakihi stock, as tarakihi are already under considerable stress in the 
region. The state of the region~s butterfish stock is unknown and so it is 
impossible to predict what the consequences would be if a large amount of 
effort was directed onto this species. 
are very small. 
The chances that this would occur 
After one or two seasons, it will be apparent whether catches of 
species other than school shark need to be controlled. For the present, 
I do not believe that this is necessary. If Group B fishermen were excluded 
from the fishery, there would probably only be about six or seven set net 
vessels fishing for these species. The long-tenn consequences of not 
regulating the size of catches of these species for the first one or two 
seasons are not expected to be too serious. The costs of regulating catches 
of these species effectively would, in my opinion, be higher than can be 
justified. 
An alternative means of diverting fishing effort off ri·g could be to 
introduce a rig quota of zero for set net fishermen. This would probably 
encourage fishermen to adopt similar mesh sizes to those described above and 
thus it may achieve the same result as mesh size regulations. 
In my .opinion, a set net rig quota would not protect the rig stock 
as effectively as the suggested mesh size restrictions. The :reason for this 
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is that it would be difficult to determine whether some target rig fishing 
had occurred if rig was a small but significant portion of the catch. 
Furthennore, it would be even more difficult to prove that_ a fisherman had 
been target rig fishing. While mesh size regulations may be difficult to 
police, offences against these regulations would be easier to prove than 
offences against a rig quota regulation. Mesh size regulations would be a 
greater deterrent therefore, in my opinion. 
are the preferred option. 
I 
Thus, mesh size regulations 
One of the recurrent pr0blems throughout this entire section of the 
study has been uncertainty; uncertainty over the accuracy of the TAC 
estimates, uncertainty over the availability of species, uncertainty over 
catch compositions, and, therefore, uncertainty over the number of vessels 
which the fishery can support. Once fishennen have begun to.target fish 
for species such as tarakihi and school shark, then it will be possible to 
detennine how many vessels should remain in the fishery with much· greater 
accuracy. Having determined which vessels it appears to be desirable to 
retain in the fishery in the short term, however, I believe that there is a 
responsibility to ensure that these fishermen do not suffer undue hardship 
while this information is being obtained. For this reason, I believe that a 
small amount of target rig fishing should be allowed over the next one or 
two seasons. 
The best time to allow set net fishermen to target fish for rig would 
be during November and December. There· are two reasons for this. First, 
the fish are most abundant at this time (see Figure 2.2). Second, catches 
during this period are mainly composed of males (see Figure 4.3). Fishermen 
could earn the greatest profits during this time, therefore, and biological 
damage to the stock could be minimised. While these catches would still 
result in stock depletion, they would probably not affect future recruitment 
greatly as it is unlikely that females would be caught in large quantities. 
The purpose of having a short period when rig fishing is allowed is to 
help ensure that fishe11nen do not suffer undue hardship. ·It is to supplement 
their incomes, therefore, and not to provide them with the main part of their 
incomes. I would suggest that a period of 4-6 weeks would probably be 
adequate. This would probably be long enough to enable the fishermen to 
earn significant profits, and short enough to ensure that they spent most of 
their time target fishing for other species. 
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If fishermen knew that there was only·a short period in which they 
· could target fish for rig, then they would fish intensively during the 
period. The consequences of this have already been discussed. Since the . . 
open season is only intended to be an interim measure for the next one or 
two seasons, the economic consequences will probably not be serious. The 
biological consequences could be more severe, however, if fishing pressure 
was very heavy during this period. Regulating the length of net which 
fishermen could use.would riot be desirable, in my opinion, as it would only 
incur ext~a enforcement costs. The regulation is unlikely to be enforceable 
anyway, as not all nets are set in the same plac~. It would be preferable, 
in my opinion, to simply account for the anticipated response when setting 
the length of the season. 
6.4 SUMMARY 
If fisheries are to be managed for the greatest possible benefit of 
the public, then I believe that it is both logical and necessary to accept 
optimum yield as the goal of fisheries management. Optimum yield is a very 
complex concept, however. Its elements are many, diverse and conflicting. 
Since there is no connnon denominator for all elements, it must eventually be 
defined by subjectively weighting each element. The weighting assigned to 
each element will be influenced by the assessor's values and opinions. Thus, 
different people may describe the optimum yield in diffP-rent ways. The 
optimum yield described for this fishery is only my opinion on what the 
optimum yield is, therefore. Other people may disagree with it. 
In my opinion, management must seek to establish a biologically and 
economically sound base to the Pegasus.Bay rig fishery. This seems to me 
to be the only state in which it is possible to derive the greatest· public 
benefit from the resource. It is also the only state in which those who are 
dependent on the fishery will be able to earn a reasonable income. Thus I 
see biological sustainability, economic efficiency and the provision of 
reasonable incomes for fishermen as three key elements of the short-term 
optimum yield for the fishery. Cost and complexity must also be key 
considerations when determining how to manage the fishery to attain the 
optimum yield. The fishery is very small and it would be difficult to 
justify complex or expensive management measures. 
The total sustainable set net harvest from Pegasus Bay is probably 
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small in the short term. The yield is far less than is capable of 
supporting all vessels in·the existing set net fleet. Thus, it is only by 
reducing the number of vessels in the fishery that it is possible to 
establish both a biologically and an economically sound fishery. Reducing 
the size of the fleet will also make it possible to attain sustainable yields 
with greater administrative ease and at less administrative cost, as it will 
reduce competition for the fish. Since most fishermen are unlikely to 
suffer hardship if excluded from the fishery, I believe that limiting entry is 
an essential first step for attaining the optimum yield. In order of priority, 
I believe that full-time set net fishermen should be given access to the 
fishery before Group A fishermen and I believe that Group A fishermen should 
be given access to the fishery before Group B fishermen. 
From what is known about the fishery in the 198~-84 season, there are 
a total of about six or seven full-time set net and Group A operations in the 
fishery at present. This appears to be reasonably consistent with the 
number that the sustainable set net yields are estimated to be capable of 
supporting and is considered to be an appropriate number of vessels for the 
next one or two seasons. If there were more than this number, I believe 
that it would be desirable to remove some Group A fishermen from th_e fishery. 
It seems likely that Pegasus Bay's share of the Canterbury Bight 
sustainable rig yield will be harvested by trawlers alone. Trawlers take 
rig incidentally while target fishing for other species and so their rig 
catch is unavoidable. Some other species can probably be exploited by the 
set net fleet without being overfished. Thus the second requirement for 
attaining the optimum yield in the fishery is, in my opinion, to divert 
fishing effort off rig and on to these species. 
The most appropriate means of diverting fishing effort off rig is 
considered to be a mesh size regulation banning the use of 140-227 mm mesh in 
Pegasus Bay between the beginning of October and the end of April. Although 
this conclusion is based on scant infonnation, it appears that prohibiting 
mesh sizes in this range would probably prevent fishennen from catching rig 
effective~y, but not reduce the efficiency with which they could target fish 
for the other major set net species. It would certainly be necessary to 
examine set net rig landings after the first season if the measure was 
implemented, however, to determine.how effective the regulation had been. 
There is a great deal of uncertainty over the accuracy of many 
estimates provided in this section of the study and over the success with 
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which fishermen can target fish for some species. To ensure that set net 
fishermen do not face hardship while more information is being obtained, I 
believe that fishermen should be allowed to target fish for rig for a short 
interval during November and December over the next one or two seasons. A 
period of 4-6 weeks may be sufficient to provide the necessary insurance 
against hardship. Thus, the above mesh size restrictions would not apply 
during this period. 
Diverting most of the set net fishermen's effort off rig and on to 
other species could place stress on other species. The long-tenn effects 
of intensive exploitation over the next one or two seasons by a small number 
of set net vessels are unlikely to be serious for most species. Since 
further regulations would only add to the costs of managing the fishery, 
controls over the catch of most species are not consid~red desirable in the 
short term. A set net quota of 40-4St on school shark is necessary, however, . 
in my opinion. Heavy exploitation of this species for even one or two 
seasons could have serious long-term effects . 
The optimum yield described in this study has been determined by 
examin1ng the best information which is available at present. 
great deal of information which is not available, but which is 
There is a 
needed to obtain accurate estimates of such things as the number of vessels 
that the set net TACs can support. I do not believe that it would be 
desirable to wait until this information is available; first, because 
management is needed now, and second, because it is only by implementing and 
monitoring measures such as the above that much of the infonnation will 
become available. Thus, it is a matter of implementing the best measures 
that are possible at present. While there may be difficulties and 
inadequacies associated with the suggested measures they are, in my opinion, 
. . 
better than the alternatives. They are also far better than doing nothing. 
There is enough information available to know which direction management must 
proceed to establish a biologically and economically sound fishery and I 
believe that the suggested measures are a step in that direction. 
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APPENDICES 
Appendix 1 Length-frequency distribption (2 cm size class intervals) 
of male and female rig caught in 165mm mesh set nets in 
Pegasus Bay, December 1982: April 1983. 
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Appendix 2 Criteria used to evaluate rig-maturity. 
[Source: M. Francis, pers. comm.] 
A. MALE 
(a) Immature 
(i) Claspers do not reach posterior edge of pelvic fins. 
(ii) Testes barely distinguishable from epigonal organ. 
(b) Maturing 
(i) Claspers may extend slightly to well beyond pelvic fins, 
but are soft and flexible (uncalcified). 
(ii) Testes clearly visible, but no larger in diameter than a 
pencil. 
(iii) No semen in seminal vesicle. 
(c) Mature 
(i) Claspers extend well beyond pelvic fins and are rigid 
(calcified). 
(ii) Testes large with obvious blood vessels. 
(iii) Seminal vesicle often full. 
B. FEMALE 
(a) Immature 
(i) Ovary embedded in epigonal organ. Contains only clear, 
white eggs (no yellow yolk present) of less than pea-
size. 
(ii) Uteri are thin tubes. 
(iii) Nidamental gland (yolk gland) very small. 
(b) Maturing 
(i) Ovary contains eggs showing signs of yolk formation. 
(ii) Uteri may be ~wollen at posterior ends. 
(iii) Nidamental glands developing. 
(c) Mature 
(i) Ovary contains yolked eggs.of pea-size or larger. 
(ii) Uteri fully developed. 




Criteria used to evaluate female reproductive phase. 
[Source: M. Francis, pers. comm.] 
- ,-Ovary contains eggs of pea-size or larger. 
- ·uteri developed but firm and sparsely supplied with blood 
vessels. 
(b) Recently ovulated 
Uteri contain one or more eggs but embryos are not visible on 
them. 
(c) Yolked embryos 
- Embryos visible on eggs. 
(d) Full-term pups 
186 
- Large (longer than 20 cm) embryos present. 
or nearly completely absorbed. 
Yolk sacs completely 
(e) Post-partum 
- Uteri empty, but swollen and flaccid. Usually richly supplied 
with blood vessels. 
Appendix 4 Survey of Pegasus Bay rig fishermen. 
1. EMP.LOYMENT 
(a) What do you do for a living in the off-season? 
Are you self-employed? 
/ 
{b) Number of crew on the boat (including skipper). 
187 
(c) What do the other crew members do for a living in the off-season? 
(d) Are they/is he/she self-employed? 
2. INVOLVEMENT WITH THE FISHING INDUSTRY 
{a) How many years have you been rig fishing? 
(b) How many years have you been commercially fishing? 
3. OWNERSHIP ARRANGEMENT 
Please state ownership arrangement, e.g., sole owner-operator, 
partnership owner-operator, skipper for someone else, other (please 
explain). 
4. VESSEL 
A. Details of Purchase 
{a) Date of purchase 
(b) Purchase value of fully equipped boat (excluding nets)$ ----
(c) Present replacement value of fully equipped boat (excluding nets) 
$ ___ _ 
(d) Has the engine been replaced since you bought the boatr ----
(e) If so, how long ago? 
(f) Purchase value of the new engine you put in the boat$ -----
B. Description 
(a) Hul 1 - ( i) Length ----------------
(ii) Hull material -------,:----------
(iii) Age of hull --------------
( b) Present engine - ( i) Type of engine -------------
(ii) Horsepower -----------
{iii) Age of present engine -------
5. GEAR 
(a) Purchase value$ 
(b) Present replacement value$ 
{c) Length of net used 
(d) Mesh size(s) 
6. FZSHING COSTS FOR THE ENTIRE 1982-83 SEASON 
{a) Fuel and oil $ ·----------
{b) Wages to crew$ ·-----------
(c) Vessel repairs and maintenance$ ---------
(d) Net replacements and repairs$ --------
( e) Insurance (annual)$ ---------
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( f) Miscellaneous, e.g., onshore vehicle expenses, mooring fees, etc. 
$ _________ _ 
7. FISHING EARNINGS FOR THE ENTIRE 1982-83 SEASON 
(a) Estimated percentage of income from fishing _______ % 
(b) Estimated percentage of fishing earnings from rig ______ % 
(c) Gross earnings$ ---------
(d) Any other earnings from fi.shing (please explain) $ _____ _ 
8. FISHING LOANS 
(a) Total value of fishing-related loans$ --------
(b) Annual interest on.fishing-related loans$ --------
THANK YOU VERY MUCH FOR YOUR ASSISTANCE WITH MY SURVEY. YOUR HELP IS 
GREATLY~APPRECIATED. 
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